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GENERAL PREFACE 


The rapid developratml of Applied Clicmistry lu lecout years 
has brought about a revolution ifl all hranches of technology. 
This growth has been accelerated during the war. and the 
British Eni'[)ire has now an o])])orluuit)- ol increasing its 
industrial output by the application of this knowledge to the 
raw materials available in the different parts of the w'orld 
The subject in this series of handbooks will be treated from 
the chemical rather than the engineering standpoint. The 
industrial aspect will also Ix' more jiroiiiment than that of 
the laboratory. Each volume will be comjilete in it.self, and 
will give a general survey of the industr>', showing how 
chemical principles hav'e Ixen aiiiilied and ha\'e affected 
manufacture. The influence of new inventions on the 
’development of the industry' will be shown, as also the 
effect of industrial requirements in .stimulating invention. 
Historical notes w'ill be a feature in dealing with the 
different branches of the subject, but they will be kejit 
within moderate limits. Present tendencies and po.ssibie 
future developments will have attention, and some sjiace 
will be devoted to a cofnparison of indu^krial methods and 
progress in the chief producing countries. There will be a 
general bibliography, an(i also a select bibliography to follow 
each section. Statisticalinformationwill only be introduced 
in so far as it seriTes to illustrate tte line of arguraeaf. 

Elach book will be divided into sections instead of 
chapters, and the sections will, deal with separate branches 
of the subject in the manner of a special article or mono¬ 
graph. An attempt will in fact, be made to get away from 
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the oftnoaox textbook manner, jot only to mjke the treat¬ 
ment original, but also to appeal'to the very large cl^ss of 
readers already possessing good t(jxA)Ooks, of which there 
arc quite sufficient. The (lOoks should also Be found useful 
by men of affairs having no six-cial technical kfiowledgg. but 
who may require from time to time* tef refer to technical 
matters m a book of moderate comi4ss. witlj references to 
the large standaid works for fuller detiiils on.srfecial points 
if required. 

To the advanced student the books shofdd be especially 
valuable. Ilis mind is often crammed with the hard facts 
and details of his subject which erdwd out the jiower of 
realizing the industry as a whole. These books are intended 
to lemedy such a state of afiairs. While recajjitulating the 
essential basic facts, they will aim at presenting the reality 
of the living indiistty. It has long been a diawback of oiir 
technical edtu ,it ion that the college graduate, on commencing 
his industrial career, is jiositively handicapi>ed' bv his 
academic knowledge because of lus lack of information on 
current industrial conditions A book gixiug a com]ire-' 
hensivc .survey of the industry can be of \ery material 
assistance to the student as an adjunct to his ordinary text¬ 
books, and this is one of the chief objects ofthc jiresent 
series. Those actually engaged in the industry who have 
specialized in rather narrow limits will prob.ddy find the,se 
books more readable than the larger textbooks when they 
wish to refresh their memories in regard to branches of the 
sjfbject with which they are not immediately conceiaed. . 

' The volume will also serve as a 'guide to the standard 
literature of the .subject, and prqtl of value to th^ con¬ 
sultant, so that, having obtained a cora])rchensive view of 
the whole industry, he can go at once to the proper 
authorities for more elaborate infoynation on special points, 
and thtK save a coufile of’days spent in hunting through the 
libraries of scientific societies. 

As far as this country is concerned, it is beheved that 
the general scheme of this 4ries of handbooks is unique, 
and it is confidently hoped that it will supply mental 



GENERAL PREFACE vii 

munitions fo^ the coming industrial w*ar. I have^been 
tortijuateiin securing writJrs for the different volumes who 
are specially connecttd, with tlM several departments of 
Industrial Chcfcistrv', and trust (-hat the whole series will 
contribute td the turther development of apjilied chemistry 
throughout the Cmpife. 

SMfUEL RIDEAL 




AUTHORS’ PflEFACE 

It has been otir ^endeavour to present to the advanced 
student a brief sumniarj- of the properties of paints and 
.varnishes t{)gc1:feer with those of tlieir components, and a 
general statejiltent of the principles underh ing their manu¬ 
facture. It is»^f importance to lay stress on the urgent 
need for research in the domain of oils and resins, not only 
on their chemical iirtjjK'rties and composition but on tho.se 
properties due to surface action and catalysis. Many 
properties of solutions of susi)ensoids and emulsoids are 
presented in varnishes and paints w Inch are only recently 
receiving systematic investigation. I’amts and vartiishes 
have long been considered solely from the craftsman's stand¬ 
point. I’rogress has been uneven, and from the methods of 
inve.stigation emploied the indu-stry is vvrapiied in a thick 
cloak of trade secrets 

in the description ol the manulactnre of varnishes and 
paints care has been taken to avoid technical details beyond 
what are required to illustrate general iirinciples In dealing 
with paints the essential requirements are set forth without 
burdening the student with details of ftirmiihe which are 
often iintrustworthi- We have attempted to treat the 
subject in the spirit of the Editor's General Preface and 
are indebted to him for the section on the Rubber 
Hydrocarbons. . 

A section on the linoleum industry has been included, 
for tte reason that linoleum, paints and varnishes, have 
ranch in common ’from the stand])oint of the general 
properties of drying oiks'. 

We desire to exjiress our thanks, to Messrs. Mander 
Brothers, Wolverhampton, and to Mr. P. Gestetner of the 
Neo-Cyclostyle Works, Tottenham Hale, London, for-per- 
mission to collaborate in the Writing of this book. 
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We aie glad tft acknowledge the*assistance gifeii by 
Messrs. Constable & Co , Ltd , Meisrs Maiilove. Alboti &Co., 
Messrs. Ro.se, Boun and Tbonijjsoii. I'lnd Messrs Torhince 
& Sons. Ltd., in the re]l}esentatl(^l of plant use* in the 
indusliies. 

Our thanks are also diK to Mi 1' J j''ai', M A , for reidimg 
the proof sheets while the work uas passing through the 
press. 

M 

A. de w 

Wul.Vl R^A^'I’0'N AM' ;."M>"N. 

Decetnbe} ^ i 92 it 
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RUBBER-,. RESINS, PAINTS 

an-d. varnishes 

Part -L—T^E RUBBER HYDROCARBONS 

(Indiai«;bber ; Cauutciiouc) 

The British rubber plantation industry has reached its 
present position more by luck and enteqirise than systematic 
cultivation trials : and, as in many otlicr industries, tlie 
initial success was brought about without much scieiitilic 
thought. • By this, we do not mean that the jiioueer work of 
men like Hancock, wlio suggested cultivating rubber in the 
Hast and West Indies earh' in the last century, Collins in 
Singapore sixty years ago, and the later success of Wickham 
in Ceylon with Hevea Braziliettsts, have not more than 
justified the boldness with which the.se earlier enterprises 
vKcre marked. It is rather to exiiress surprise that .so much 
has been done at our botanical experimental stations by 
men like Ridley at Singapore, and the Indian Government 
at Heneratgoda and Peradeniya in Ceylon, with the small 
amount o£ scientific assistance and monetary help placed 
at the disposal of plaifters in these two typical British 
tropica^ centres. 

Nearly all the effort of the last thirty years has been 
directed to the trial and .selection of native and wild rubbers 
in different climateti and sgiils rather than any attempt at 
botanical exjrerimental. cultivatioh for producing^ new 
varieties with increased yield of latex or greater resisting 
power to infectious disease. Nothing comparable to the 
Canadian improvement in wheats or the phenomenal 
development in the cultivation of the sugar beet on the 
s. 
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Continent has al present been achieved in the' case of 
cultivated rubber. Tlie tran^f)lantation and»culth'ation 
of the cinchona in relation to the,\nt'ld of quifiine shows the 
possibilities in this direction. 

Seeds from Hevea trees, derived from* Malay, which 
have sprung up from the ]iaKiit stofk*in Cetlon. have now 
been grown in almost all known liktlv r^nblK'r-producmg 
areas in the tropieal woild, so that rkita ayi’ flow availablf 
for a careful study of the conditions whiclf contribute to 
ecoiioiiiic giowlli The Cncl\ i.'.t.ite at*Teliik .^iisoii has 
sent M'cds and cuttings to both b'.ast ,ind W est Africa and 
to districts so lar remote as I'lji Jnd Qiieeii.slaiid, and it 
would seem jirobable that the older ]i!ant.itloiis of Ceara 
on the Iblst and I'untuima on the West coast of Africa will 
give |)lace to tile Ilevea variet\. and that coiise(|uently the 
breeding of this nibU-r will probably ensure its survival as 
the litte.st foi industrial giowtli 

I'or iinpioving the \ield, and at the s.inie time ensuring 
a robu.st and long-lived tri-e, the necessity for long period 
trials from selected .se-eds is essi-ntial ; development of our 
knowleilge must iiecessaiih be slower tli.in in the case of 
annuals like wheat or sug.ir beet Oiir jireseiit sii]ircniacy 
in this idantation industry nuist not be allowed to decay 
through an\ neglect of studies in tins direction. It must not, 
however, be' forgotten that whilst our British ])lantations 
may be maintained in the wa\ indicated, the problem is 
not only one of industrial botany, but depends on the 
^ suitabiliK of the priKiuct for the i|iarkets of the Vorld, and 
here we depart from the botanical cultivation of the plant 
to the chemicafand physical properties of the latex,«and the 
methods adopted for its coagulation and ultimate vulcaniza¬ 
tion by tile home tt-se-r 

To correlate tliesO se veral fat tors is ilb ea.sy task ; and the 
RubV.'r Growers' Association andihe lalaoratories here and 
in the Hast have long investigations in front of them, and it 
is doubtful if the planter, relying on the infonnation to be 
obtained from botanical exjicrimental cultivation, will 
succeed in improving his position, unless the subsequent 
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fate of liis product is ^nown. There is n't the present 
considerate lack of kno^edge as to the causes of tlie 
variatiility of plaiitaticfli fara nibber with different technical 
mixings,*so that until «e know \'Jliat arc the conditions of 
growth wliich cause the latex to have a different rate of 
cure when coagtrlatei, further i)rogress in this direction 
must be slow 

' At Kuakr J.bmiair. the Depaitment of Agriculture ot 
the TederaUM Malay States has dune good work in this 
ilircction during*the last few rears by obtaining evidcnc'c 
which goes to show that the latex contains, in addition to 
the rubber, proteid ruibstaiices which inodifr- the rale of 
cure, and that these substances are not jirccipitated by 
ordinary coagul.it 1011 

To obt.nii uiiiloninty 111 tirst l.itex rublxus, the nature 
of this proteid, its amount, and in fact all the conditions of 
its forniatioii in relation to the latex pioductioii, must be 
ascertained before further progress in standardization can 
be cBected. 

Buyers know that an over smoked rublx-r has lost much 
of its value, and planters seldom now eri in this direction. 
Besides over-smoking, over-wasliing and over-m.achiiiing 
and the excessive use of sulphite and pre.si-rvatives con¬ 
tribute to the destruction, or prevent thw formation of the 
catalytic proteids which .seem so essential for rubber to 
behave well on vulcanization. 

As a matter of fact, the Kuala I.umpur Agricultural 
.Station b now engaged on the study of these problems, and 
useful experimental work is being done in the East, and at 
Delft„in Holland, undef the Dutch Government; but there 
is need for comparison of the work and correlation of the 
results obtained at thes^ diflerent centres of investigation 
with the Ceylon tesearcb and tjiat .‘which is going on in 
Afnc^ more especially «t Aburi. 

It b only quite recently that Whitby has again maae a 
comparison of the Brazilian and plantation methods of 
preparing fara rubber, and from the results of hb investiga¬ 
tions it seems dear that the Brazilian method of preparing 
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nibb«r bv siiKjkt- cnavnlalion is not bUiJt-rior to tlie 
plantation niotliod ol ]irc']iani ^5 it as sniokod •sliuct He 
also slious that the latex Ironi yafta; trees fs not inferior 
to that from old trees. ^i tail, the nibbed ]irep;Jred Iroiii 
the latex oi \ouni; treis jjioved superior to*that fiom the 
latex ot old tues both when I'Ujtu^d a-' siiiokeel sheet 
anel when piepaieel be smoke eoae.ulalioii jn the' lirazilian 
lashion • , * 

The I'XpeIiinelit.d bot.inieal ^'.itioim ol olir plalltations 
111 the tlopRe eaiinot al-o .illoid to isiioit the' wo^k ol the 
I'iiinlisli and ('leiimni iliiiimts on tin -entile tie jiiodnetioii 
oi itibbei. S\ lithe tie lubbei exwt--' .iiiel ee.o ] ie>babl\ ol 
use to a lllliiteel extent iltiinii; the eeai. jimt a-- senthetic 
nitrates exist and iiaxe- le-iiileieil the eeai jiossilile-, allhou;zh 

we still look tee the tioj'le s loi beitll t he si mate nab 

d'iie* e he mist can ele nieeiistiate- the e'oll\'e'rsloil tel starch 
into iso|iieni oi butadieiie-, .eiiil 11, uni's r eonlKkiit that the 
lubber obtaiiieel lioiii isojeune with tlii- aiil ol aietie aeiel ni 
the laboiatoie is lele-iilie ,il w ilh that e'o.ipulati d Ironi the plant 
latex be the' same .aiel in tin tie'hl The- bolaiiist has \ et 
to tell ns how in Hia/il oi in Malae. tiie plant eoiivert.s its 
starch into the- isopiene I'oKniei 

It iiiae Ik helil ill. it the natural ru’ol>ei is elaborated 
lioin ee'llulose n,ee'll ,,nd tli.it stale h i' not tlie ele-mental 
.sonice eil the iiibbei k.tix. .'s.iwilu't uniKi pussnie can 
1k' bveliole .se el to laeulinie .leiil, and this substaiiee has ni 
the laboiatore, be the- an! ol ]'lie's] hoius tii'ul]ihide, been 
liist conveiteel into iiiethe 1 thii'i'heiie which loses its sul]'hur 
when heated with co].]ier in a stuaiii ol he drepeeii and forms 
iseipiene. Altheruph the plant Uiipes abeuit these eliaiipes 
in an unknown wa\, it ceitainh acceiniphshes the task in 
a more eeoiiomie maiinei : so that, at the I'leseiit time, 
the iiatuKil I'lodtiet'takes the I'.ekl anti ei\es us another 
exaiiiftle of the advantaitcs wliieh m.tnie has oyer the 
products of the luboiateen when accurate knowledjtc of 
scientilic agriculture is brought to bear ni'on tiojiical plant 
development , 
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Tii* RM\Tri::rnnii; in Nxitri:, 

Till.IK* ! M^lKUil TT ’N 

It I"- diUiiVlt to ”ivi' ,1 ''I'UTitilu' (uiiuitiou of ruliIxT. 
An rlci’.K'iit.m ■-huw^ that it has tlio 

utijiincal forinul.i C-.H, , that i-.. uUntKMl with that of tho 
’l.UTc clas^ xil^ n.ituiall'. -occurriii't ^ub'-t.iiia-^ known as 
tar]>(,'ncs. TIVs dors not, iiowi-ViT. rr|iu-si'nt tlin nioiacnlar 
coiui'osiyon ,ii*!*as i.ii as tin- n.itnialli iKa'nnnn; nihlK'i is 
coiKciiK'd this has not \at !)ia-u iK liu'.ti 1\ drtiiniiiud Tim 
niain ii a'oti !oi t Ills is 4 iiat i iilibi i is a i olloid 

1!\ dostnutiM' distillation ol . o,i,;ul.itod riiblx'i. '-iini.li' 
hvdriKaiboiis ol dilhi'to and known i om; >os|t loii liavn Ix'ini 
obtained, mid it m ].iob,ibli th.it the iiibbii nioliiuK' is a 
condensed in ).o!\ nien/.ed loriii ol tin ^e h\ dioiarbons. 

I Hir knowkdue on tins lamit, liowieer, m still \er\ obscure 
and thcrcloic uneirtaiii and i out radii toi \. 

The subnet Is liiitlm dealt with iiiidil suitlictic 
rulilK-r. 

Origin and Distribution. The inatmal lonnniMily 
known as rnblxn' does not oci nr naturalb. ,ts suili, lint is 
obl.iined from .i lliiid known ,e l.iti .\ whnli is scerctid l)v 
mane jil.mts the so-c.dlid rniib* r }ilants^ 'I iu lluid Hows 
out of the hlant when the lattei is wounded or tajii.cil, and 
bv the .iddilion of atids and licat it Ix cotnes loayulateil and 
forni.s what we rei.oaui/.e .ns rubber IToin ail ccoiioinical 
point ol view the lonnation ol tin l.iti .\ in the plant, its 
distribution .ind its iniKtioii is ol tii' greatest iinpoitanu* 
and iwl! therelore be brft J\ ih.ilt witii liefi^ 

The latex is cont,lined ni the ullul.ir 1i ,siie just outside 
the ring of e.inibiuni ayd is distributid in that portion of 
the jdant by tiie So-eallcol l.itx iferoi/s \e-sils These- form 
a c^jpijde.x an.istoiiio-eing n-t’.iofk, bttter se-eii when .a 
longitudinal section is cut i lie t.anibuini la\i.T, which is 
adjacent to the laticiferou.s-lx-.iri!ig ti.'sue, is tlie most im¬ 
portant jmrt of tile jilant, a.s growtii within and without 
takes pjlaije from this layer. If, therefore, on tapjang a 
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nibbar tree the cambium is damaged by too deep a cut, 
irrej)arable damage is made to ihe^ ])lant AnV fotm of 
tapping must tlierefore avoid tlie ^'ambiuiiK and jyefcrably 
should aim at getting latex from only a jiortirm of the 
laticiferous vessel m order that tlie functi?iii whicli. the 
vessels ]]Ia\ in the life of the jdanl inaT be interfered with 
as little as possible r]i-to-d,ile tai']>iiig mijliods recognize 
this and various iiistrimieiits are in thf market vhieh more 
or h'ss iiK-et vitli these requireniems. , 

lake the fluids in all plains, llie latix is piiniarily fornretl 
from eaibon dioxide and niontine b\' tlie inlhuane of sun¬ 
light, heal, en?\ lilts and lataKtu* ageiils, and various 
livpolheses have Ik ell init font aid to t xpl.iin liou the rubber 
h\ (1 local boils ait s\ ntlii 1 ned by the ]ilanl 

hixpeiiinent has shown tliat tin giieii eolouriiig matter 
present in the Ite.vts of ]il,ui1s n the aetive agent in the 
deeomiiositioii of eaibon dioxide and that the t haipi^e cannot 
Ik- brought about b\ the lolourkss proto]ilasni The pre- 
liminarv stage is aceoiiipaimd In the liberation of oxtgeii, 
and formation of forinaldt-lnde-- 

Ciij llpi <>j IKTlo 

The reaction does not ]iroeeed so ,sniiply, and hydrogen 
peroxide, togethi-F with other oxidases like ])ercarbonie aeid, 
are no doubt also produced, thus, according to Ifach— 

,;Ila) ■ .tOt. --gjlL.COd-: IICIIO 
gH;Oh jC( all..').. 

- .-O - jK;! i-i Oo 

• , • 

All the products have been identitlt-d in various plants 

The work of liutleiow and others has, however, shown 
that formaldehvdc is eoin'crtei^ into earbohvdrates— 
notably fructose ; ana t,lx- presence of sugar)- substana-s 
ill mos^ rubber scrums at once suggests the possibiKty of 
rubber being derived from a sugar. 

Now, eiy thritol, a directr sugar derivative, is easily con¬ 
verted by the action of formic acid into er) threne or butadiene 
from the methyl derivative of which synthetic rubbers, 
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ven- similar in character to natural ntlibcrs, have been 
obtaii^cd in tiie laboratori - 

CH20H-,cni tlI->CH; -CIl -CII---CIh 

Further, arcouhnc to Il.irrie'- wlieil iiiblK-r is oxiili/.iil 
by means of ()\'\i?en»o» ozone, hevulimc ahU liv de is (orined, 
and this is identical uith the iirodnct lormed ulieii carbo- 
*li>drates smli^. as treated uith acids This 

aldehcde contains the 0,1!^ eioiiiniic 

Function 0 ^ "Latex in the Plant. -The exact ftmction 
whicli latex phus m the hie ol the plant is not known, and 
scver.d views, all iiiori^or less coutr.ulutor\, have been put 
lonvard to expl.dii tlie work which the l.itex is called tliion to 
perlorm. The solution ol the ])roblcin is ver\ iiiijiortant 
from tile practical standpoint, for it the lati x is considered 
to be a waste product of the plant its entire removal would 
be withojit injury to the plant ()n the other hand, if the 
latex has an important fniRtional pui]io,se to fultd, tlieii 
tapping ojierations m the iilant must be carefully jiertorined 
in order not to drain tlie plant and thus imperil its 
existence. 

The most recent and extensive investigations have been 
carried out by t'ernet, who lias studied the subject very 
thoroughly, and lie arrives at certain definite conclusions. 
His views and experiments are briefly pul out as 
follow.s 

1% the latex an excretory product r " Plant secretions 
are usually jiroduct.s which the jdaiit diverts into large- 
cavities, where they remain imprisoned during tlie whole* 
life ofc the plant out of #11 contact with'pther liijuid food 
materials. 

“ Latex vessels, howe\’er, arc far from Ix-iiig dosed vessels. 
They form a coiitihuous network in w.hich the meshes are all 
intersCOnnected. Further, the quiAititc- ’of latex varies very 
considerably at different times, and this is a most unusual. 
occurrence if the latex be r^arded as an excretionary 
product,”* 

If the }^tcx were an excretion, then it could be removed 



8 RUBBER, RfSINS, PAINTS AND VARl^ISHES 

without causing' injury to the pfant. To answer this 
(iuestion Vernet completely sey«red the latex wsselj^ from 
a Hevca tree and found that it t^ntlrely lost Its leaves and 
therefore suffered from the treatment. The lat^x cannot 
therefore be an excretion who.se prc.sence is'immaterial to 
the plant, ' • 

Having thus shown that latex is not an excretion Vernet 
definitely a.sscrts that tlie latex a,s, a wj^ofe is a food' 
indispensable to the life of the tree, and'confirms his 
evidence b> analogy, chemical composition and yffects of 
1ap])ing. 

Analogy.-The laticiferons vessels are morphologically 
very similar to sieve tubes which are the recognized organs for 
nutrition and circulation in all jilants. The ve.ssels are more 
numerous near the generative or cambium layer, just where 
one would expect the nutritive function to be most nece.ssary, 
and ai’e found in :dl stages of the plant's existence, even 
in the embryo of the seed and the >oung germiiiatiug 
plant. 

Chemical Composition.—The latex besides containing 
W'ater and rubber contains rd.so sugars and proteins, i.c. 
materials indisjiensable to the nutrition of jilants. 

Tapping.—The rate of iiicrea.se in girth of a tree w'hich 
follows upon tapp.ing is less than normal, but becomes more 
than normal when tapping ceases. The seeds also lo.se in 
weight after tapping. .'Vll the above facts go to show that 
the formation of latex is a continuous function of a plant’s 
life-history. The flow is not continuous, and after tapping 
'naturally .slackens down, thus promoting coagulation of 
what is left on tlie wounds and sp'stopping the process of 
bleeding. The latex thus serves a protective function in 
addition to that of nutrition. 

Rubber-bearing .^pecies.—The number of plants 
which ^-ield a rubber edntaining latex is verc- great, and 
belongs to four natural orders—Euphorbiaceae, Artocarpeae, 
Apocynace® and Asclepiafleas. The plants vary con¬ 
siderably in size ; some are herbaceous and contaki latex in 
their roots or stems, while others are climbers or, vines and 
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yield latex from the branches. Others, again, are shsubs; 
but tl^ bulk from which th^Vubber of commerce is obtained 
are forest trees of consiSemblc size. 

The trjc w hicli gives the best rubber is Hcvca Brazilicitsis, 
which grows \tild in the basin of the Amazon, Brazil. The 
tree is the most iffiifortant of the order I'.uj'horbiacea', 
grows to a heigjit of 50 to O5 feet, and the trunk attains a 
Miameter of bo,to 70* inches. Rubber was tirst discovered 
from this tree, and the method of tap])ing and coagulating 
the latex, has remained unchanged even up to the i)resent 
day in its native liabitat. Tlie ta])])ing con.sists in forming 
an incision on the tre(* about 6 feet from tlie ground and 
collecting into cups the latex which immediately oozes out. 
This is then poured in a thin .stream on the flat ])art of a 
paddle, which is rotated on a smoky fire. In this wa\ the 
latex coagulates at once, and forms a layer on the paddle, 
and whey by continual rolling and pouring of latex the 
la3-ers reach a weight of, sa\-, 20 lbs. the rubber is branded 
and sold as “ Fine Para. " This still obtains the best price. 
The number of Hevea trees in the Amazon valley is e.stimated 
at 200 million, of which a half are being tapped. Other 
species from which rubber is obtained are—Castilloa and 
Maiiihot trees and Guayule shrubs, all in .South and Central 
America, where the method of collection a«id coagulation is 
practically the same in all these cases. 

In Africa the rubber-yielding plants belong mainly to 
the order .^poccmaceae, and include trees like Funtumia as 
well as shrubs, creepers and plants with rhizomes, liach 
of these species of plant requires its own method of treatment 
for the winning of the* rubber latex, but* all the methods 
are unfortunately crude and have been adopted with no 
eye for the future either of the plant or the Rubber 
industry. ' ' . •* 

Tte rubber from tHfe herbaceous plants is obtained by 
drydng the roots in the sun, cutting them into small pieces 
and chipping off the bark by striking with a mallet. The 
pieces of bark are next tjeated in the same manner and the 
latex whigh issues from the tissues allowed to dry into 
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masses. These are cut' up, purified by putting into several 
changes of boiling water, and 1 ?l*en massed into ^hee'l^. In 
the case of creepers, the stems a»e cut into pieces and the 
latex which exudes from the cut ends collected tin a hole 
dug in the ground. ^ * 

In Asia the natural rubber plants* differ entirely from 
those in America and Africa in that they yiejd very resinous 
rubbers. In fact, very few rubber trees maytbd said to exist 
here, although climate and soil appear quite a])propriate to 
the Hevea type of plant. This being so, atlempts w/jre made 
some thirty or forty years ago to cultivate the ordinary 
rubber jjlants in this portion of the gldbe. Hevea Braziliensis 
being the ])lant which yields the best rubber, vas chosen as 
the best ty])e of plant to introduce, and extensive j)lantations 
were laid down. Many dilliculties were encountered, one 
very important one being that the seeds quiekh- lost their 
germinating jiowcr and had therefore to be phijited and 
allowed to germinate during the voyage. The trees also do 
not give a profitable yield of rubber till they are more than 
five years old, so that the risk attending failure was great. 
The yields, however, increase as the plants grow older and 
may reach 3^ to 4I lbs. per annum. Attempts have also 
been made to cultivate Manihot Glazovii as this lends itself 
to an easy inethed of cultivation, but although the rubber 
obtained from it is good, the > ield is poor, not exceeding 
18 ozs. per annum. In spite of i)reliminary setbacks the 
plantations have been a great success and many millions of 
capital have been sunk in tliem. ^The number of Hevea 
plantation trees was estimated at 60 millions some years ago, 
and the weight t)f rubber produceJ in igii, 14,000 tons as 
compared with 38,000 tons from the Amazon ; but in 1919 
some 320,000 tons of rubber was the actual world’s consump¬ 
tion, showing the ■yer\' rapid devtlopmen?: in the plantation 
industry within the last decade, lire United States^hows 
an average annual increase of 277 per cent, during this 
period. The output from Brazil has fluctuated from 
42,000 to 26,750 tons per annum, find wild rubbfer has not 
exceeded 30,000 tons per annum. • 
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The following table shows the rate of increase in the 

world# rub*ber production String the last three r’ears ;— 
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and this shows alfonce tlic growing importance of plantation 
rubber in the world’s niarket. 

The plantation in JIalaya alone produced 177,000 tons 
in 1919, while the Netherlands Indies produced some 76,000 
tons. The area under plantation is estimated at 2,760,000 
acres of which only 2,000,000 are of bearing age. In 1920 
the consumption is estimated at 350,000 tons, with an over- 
producti(jn of 3.4,000 tons, and with a steady increase in 
plantation output it is anticipated that the figure for 1924 
will be 640,000 tons. 

By far the greatest consumer of the world’s rubber is the 
United .States, and the following table shows that nearly 
three-fourths of the world’s production is manufactured in 
that country. Great Britain, which virtually commands 
^1 the plantation areas, comes second, usiug only one-tenth 
of the world’s supply. 
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United States 

Great Fritain 

92,*k)0,0f>f) 

45,oo6,otKi 

177,088 


I 77.000,000 

25 . 9 «,r 

10 2 

26,000,000 

France 

40,oo(>,ot)G 

17,000 

07 

1 7,000,000 

Italy. 

35,000,000 

9,000 

3 3 

9,000,000 

Russia 

174.otX>,ooo 

7.5W 

3 ^ 

7,000,000 

Canada .. . 

7,000^00 

0,28^ 

2 7 

6,300,000 

Scandinavia .. 

— 

'S.323 

• 

4,500,000 

Japan*wid Australia .. 


4,500 

I 8 

3,OGp,ooo 

Germany and Austria 

117,000,000 

3.000 

12 

— 







12 RUBBER, RESINS, PAINTS AND VARNISHES < 


Tappi^v, ^ 

• 

The methods for tap])inf; tlic rubber* have ftndergone 
considerable changes during the ten years in wtich systematic 
production in the blast luis been condiKtrtl, Daily tapping 
was felt to be too great a strain upon the tree, and thus 
manj’ estates adopted tap])ing on al^ernflfe days, and on 
some a three-day ])eiiod was adopted. The iftmiber of cuts 
per day were also altered until most cstfttl's, attracted by 
the good yields, considered that two superimposed cuts on 
one-(|narter of the tree were not toojiiuch, but lately, owing 
to the war and a desire to restrict production, one cut jicr 
day on one-ipiarter has come more into vogue. There is no 
doubt that a conservative method of dailv tajijiing will 
prolong the available life of tlie tree and give ample time for 
bark renewal. The cuts should be sufficiently close to take 
up not more than an inch of bark jier 22 cuts. * 


Physical and Ciiemicai, Properties of Datex 

Physical Properties. —The latex of a rubber tree is a 
white or pale I'cIIow milky liquid, varying in consistency 
according to thy rubber it contains. It stains the hands 
black, develops an odour of methylamiue on standing and 
has an alkaline reaction. Its specific gravity ranges from 
■905 to I'oqi, the average being about i'oi8, corresponding 
to a rubber content of about 32 per cent. Speaking 
generally, the lower the specific graVity the greater the per¬ 
centage of rubbe'r, and tables hat'e been drawn up from 
which the rubber content is obtained directly by referring 
to the gravity at a definite temperature. The " metrolax ” 
gives the percentage pf rubber is the lattix as shown by its 
gravity. ' ‘ _ 

The rubber in tlie latex exists in the form of nearly 
spherical globules, having,, an average diameter of one- 
thousandth of a millimetre, and when observed-under the 
high pow'er of a microscope exhibit the well-known Brownian 
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movement.. The movement is very kregufor, and cmeiyato- 
graph ^ilms show that the fmth traced out by each particle 
is a long one. The eflJcti of the addition of chemicals has 
been stu(f;ed. Soda has but little effect on it. Acetic acid 
completely holds up the movement even before coagulation 
sets in. A 20 per cent, solution of sodium chloride arrests 
the movement ^completely, and the number of jiarticles 
‘counted undtr .tfiesc .conditioiis amounts to 50 million per 
cubic millimetre. Salt has been used as a coagulant in Hast 
Africa. . * * 

Direct cx])eriment has shown that the rubber content of 
latex varies with the lieight from which the tree is tapped, 
and also with the age of the tree. Thus from a Ficus plant 
7 ft. 4! ins. high Adriani found— 

At 12 ins. latex contained 25 per cent, rubber 
,, 5 ft. 6 ins. ,, ,, 24 

.,*6 ft. 10 ins. ,, ,, 20 

., the top ,, ,, 17 


At G \ ears the latex of a Castilloa tree contains 20 % rubber 


7 

,, 9 


27% „ 
21 ) % 


3t 


0 / 

/o >> 


Chemical Properties.—An average clicaiiical composition 
of the latex of a full-grown Ilevea tree show s that it contains— 


Water .. 

• ■ 

Rubber .. 

.. 41'0 

Sugars . .• 

•8 

Albuminoids .. 

.. 2 -§ 

Mineral Matter 

■4 


JUO 0 


In addition, small, quantities' of oxidases, resins and 
sulphates are present. On standing, coagulation takes 
place, and the rubber separates as a colloid and leaves a 
clear serum. Hevea latex is alkaline in reaction as it issues 
from the tree, but becomes acid after a little time, owing 
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probably to fermentation of the sugars present. .The latex 
becomes acid in very much the,same way as milk sours, and 
coagulation then takes place und^r the influence of tfee acid 
formed. Most other latices arc, however, ai?id as tc'Q^pcd. 

Latex can be kept without alteration foj about twelve 
hours. Beyond this, watering or th» sd(}ition of chemicals 
is necessary to prevent chemical change taking jilace. 

Concentrated acetic acid, formic acid' 'citric acid, and 
other strong organic acids bring about coagulation vcr> 
rapidly. The globules join up, forming ‘chains similar to 
streptococci ; they swell to twice their volume and then 
separate out together as a coaguluni 

Acetic acid is the usual coagulant employed in plantation 
areas, but citric and formic acids are also used. Hydro¬ 
chloric acid is a very jrowerful coagulant, a current of gas 
producing coagulation almost at once, and rubbers wliich 
are inclined to be tacky lose this tendency by this treatment. 
If the treatment is ])roloiiged chemical action proceeds 
further. The rubber hardens and turns to a mass resembling 
ebonite. Carbon dioxide is also an excellent coagulant and 
no doubt is the active agent in the out-of-date smoke 
coagulation stiU carried out in the Amazon. 

The threatened shortage of acetic acid in the plantations 
has caused attention to be given to natural or spoiitaneods 
coagulation, and the method introduced by Maude and Cross 
—the so-called M.C.T. process—in which separation of 
rubber from latex is allowed to take place under the anaerobic 
conditions produced by the carbon dioxide, has been com- 
.. mented on very favourably, and i? said to yield a rubber 
which in its degjee of uiiiformitv is superior to any, other 
form of plantation rubber. 

Sodium chloride, mercuric chloride and phenol precipitate 
rubber from its latex, and all pjotein precipitants behave 
towards latex as coftgula*ts. Formajdehyde, very curiously, 
has little action even when heated. The author suggested 
acid sulphate of soda as a coagulant during the war. 

The carbohydrates and glucosides which occur in the 
serum of rubber latex have received'a great deal of attention. 
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and the ( 5 rj;sence of theK^sHg group, or multiples of it, which 
has been definitely establisheij in them, points to the faet that 
rubber is very' probably* el^aborated by the plant from these 
sugars. * • 

The work efi Aime Girard in this connection is worthy of 
mention. Working jivith the scrum of fresh latices he 
obtained coloured masses after evaporation, and these on 
^■xtraction wjth*Mcoljol produced white colourless crystals 
which he cMled Dambonite. This compound has the 
empirical formifla melts at H)0° C. and volatilizes 

at about* 210“, forming long needles, It docs not reduce 
Fehling's solution nor undergo alcoholic or lactic fermenta¬ 
tion. It is attacked by strong acids (HI) with the formation 
of methyl iodide and a neutral substance having a sweet 
taste, a fine crystalline structure and the corajiosition of a 
dehydrated glucose. This substance he called Dambose. 

Similar sugars were obtained from the latices of other 
rubber p*lants, and lastly, in 1911, Pickles and Whitfield 
succeeded in proving the presence of dambonite in Hevea 
latex. 

The presence of sugars in the latices of all rubbers thus 
strengthens the belief that rubber is a sugar derivative. 

The mineral salts in rubber latex are very small in 
dmount and have the normal conijiositiou, K, Ca, Mg, and Na 
salts having been identified. Oxalates have also been found. 
Acidity is usually very small. The resins jrresent are 
separated by extraction with alcohol or acetone, but very 
little is know’ll about them. They are ojitically active and 
are precipitated with ntober on coagulation. In some plants- 
the percentage of resin'Is greater than that of rubber, and 
their extraction from the latex before instead of after coagula¬ 
tion would produce a better quality rubber. 

All latices examined have shown the jiresence of proteins, 
and these differ from o’^dinary jiroreins in being very slowly 
and incompletely precipitated when heated. The proteins 
behave normally with all alkaloidal precipitants and protein 
coagulants, and experiment has shown that coagulation of 
latex is really a copulation of proteins and not of rubber 



i6 RUBBER. RESINS. PAINTS AND VARNISHES, 

< ' 

itself. This question, in fact, involt'es that of tjie'' presence 

of rubber as such in the latex, Preyer, Webei, and others 

have shown that rubber sei)aratc(J ffciii latex by a centrifuge 

is not precipitated by coagulants. Furrtier, th? addition 

of ether to latex does not extract a solid h^xirocarbon, but 

on evaporation of the ether a thick oil is Ihst obtained wdikh 

only after some time .solidifies to pure rubber. 

The coagulated latex after washing i^ marketed in the 
form of crepe or smoked sheet. Bisulphite of ^oda is usually 
added to produce a pale coloured cre])c* 'Various devices 
are used for recovering the scrap rubber adhering to the 
trees, which appears on the market as bark scrap and 
“ compo." 

The drj ing and smoking of the sheets have to be carefully 
attended to so as to ensure uniformit\' and freedom from 
spots or discoloration, which detract from the value of the 
finished sheet. 


Chemic.\i, .xnd Pnvsic.ti, pRCiinRinis and Ticsti.kg of 

RfUliKK 

Chemical Properties and Composition.— Before ex¬ 
amining tlic chemicalf ])roperties, the jnirity of the rubber 
must be established. Resins, ])rotcin, etc., must be removed, 
and when this is done the (juestion still remains as to whether 
the product obtained is a simple substance. Unfortunately, 
rubber has no definite melting point, neither have any of 
its derivatives with the possible exception of the ozonides 
obtained by Harries. • 

Neglecting these preliminary hsndicaps and proceeding 
as with other organic substances one finds that carbon and 
hydrogen are alone present, and that the empirical formula 
corresponds with CsHg. The molecular weight has not been 
determined with cortahity, as, like pll colloid substances, it 
has no osmotic pressure in solution, and freeziug-poiift and 
boiling-point methods are useless. The rubber molecule is 
no doubt a large one, and its formation is due to, the union 
of nuclei of 5 to 10 carbon atoms.' According to Bary and 



THE RUBBER HYDROCARBONS 


17 


Weidert vfi^canization is*tLe addition of one^toin of siil^liiir 
at each end<)f a chain of Cf(|Hio nuclei; thus (CjoHj8),|S2; 
and as *2'5 per cent, is amount of snljiliur required to 
bring thi^ about* it follows that the ligure for (CioHni),, 
must correspond to about 2500. I'liis, however, does not 
agree'with the\nl^lelillk^r weight of two derivatives—the 
ozonide and the nitrosite, which contain 10 and 20 carbon 
atoms respecfivejie*, and as there is no reason why the 
parent substatice should contain any more, it is very 
probable that thft Slso contains the same number of carbon 
atoms. 

The rubber molecule vs thus an unsaturated lu drocarbon, 
but the most satisfactor>' jnoof of the iirc.seiice of unsaturated 
linkages is obtained from the work of Harries, who ap])lied 
his method of ozonization previou''l\- used to settle the 
formulae of oleic acid and other unsaturated compounds. 
When ozone is passed into a chloroform solution of pure 
rubber an ex])losi\'e oil is obtained which sohdilies in vacuo 
and melts at 50° C., and the molecular weight of this coin- 
])ound corresponds to )(;. lint pievious investiga¬ 

tions have shown that each three atoms of oxygen arc 
attached to one double bond, hence there can only be two 
such linkages for every ten carbon titoms. More recent 
wdrk has shown that rubber in a similar planner gives a 
diozonide. 

Having established the presence of two double bonds, 
Harries set about to determine their jiosition in the molecule. 
This he did by hydrob'sing the ozonide with steam and 
examining the product ftbtained. By this means he was 
able to, show that the •ozonide on lydfqlysis produced 
hydrogen peroxide and lasvulinic aldehyde, and the latter 

then oxidizes to lievuliuic acid. Thus— 

% 

• Al^ebycli*. 

CuiHie0c+H20=2((;H3.C0.CHl.CH2-CH0)-fH20,^ 
CH3.C0.(CH2) 2.CHO H-HoO,CH3.CO. (CH,) 2.COOH d-H^O 

, Acid. 

The changes take place at the double linkage, thus— 
s. • 2 
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, (I) RieH=CHRj-f03->'R,CH-CIJR^ 

I 1. 

( 0 — 0—0 


RiCH-CHRj 

I 1 
0-0- o 

H— 0 -H 




c 


RjCHO+RsCHO-fHoO, 


Under certain circuinslaiices jicroxidoe'may be {orme^ 
thus— * * ! 

( P * 

RiCH-CHR, R,IIC(" I +0CHR, 

II , ^O 

0 - 0-0 


From tlic ozonide we may therefore obtain— 

Ivfeviilinic Aldehyde. 
]va;vulmic Peroxide. 
Uaevulinic Acid. 


To explain the.se reactions one must regard the ozonide 
molecule as a cyclic one, for if it were a chain molecule, the 
diozonide woidd give two hydrolysis products oxr-genated 
at only one end of their chains as shown above, (i). 

The formula which exirlains all these reactions is— 


CHs-C-CH0-CH2-CH 

/i 


/ 


0 


i 

! 

0 

\ i 

' '■ 

/ 


• 

/'O 


CH— CH2-CH2-C-CH3 
By the influence of steam this splits up as shown into 
■ " O. ’ 

CHo.CO.CH^.CHo.CHO and | ^CH-CHs-CHa-C-CHj 

■ ' . 0/ /\ 

c. 0-0 

LaevuUnic aldehyde. ' Lsevulinic peroxide. 
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It follows, flifrefore, that the original hydrocarbon must have 
the formula-* * 

, CH3-C— 

, '11 ' II 

. CH-CHo-CH,-C-CH3 , 
j.c. l\) (limftflyl cyclo-octadiene l'5. 

T^is fornmla furth<y explains the formation of i.sopreiic and 
dipentene, whii^i Are obtained on distillation tlms— 


CHj- C - CH. •CH; - CH CH3 C- - CHo—CH.-CH 

II ’ II II II 

CH-CHo-CH.,--^.CH3 CHj C—CH3 

1 

j CH 


CHo 

CII3. /CH.,- CH / CH3/ 

):C-(;h( x'.ch., >c.ch=ch2 

CH,^ ^CHj-CH,/ CH.-^ 

Dipeotenc. Isoprf'tie. 


But isoprene can be polymerized to a product very similar 
to rubber thus— 


CH3-C CH. CH,=CH 

1 I 

CH=CH2 i CH2=C-CH3 

(CH3-C—CH2-CH2-CH 

II II 

CH-CHj-CHj—C-CH3)„ 


Hence the definite decomposition products and deriva¬ 
tives can be explained by tiie formula, and this must therefore 
be taken as the correct one for the time being. 

Testing of Rubber.—A chemical analysis of rubber is 
seldom necessary, but is Required when mechanical tests 
do not^ive normal figure^. ' * 

The moisture is determined by drying at a temperature 
of 90° to 100° F. Resins are extracted with acetone, the 
acetone evaporated and the resins dried and weighed. 
Proteins are determined by multiplying the nitrogen content 
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as obtained by* the ordinary KjJldahl process* by 6-25, 
Matters insoluble in ben/.eiuj'or some other < solvent are 
determined and considered sc]viritely, even though they 
contain proteins. Mineral matter is dete'rminec^^b)' decom¬ 
posing and burning b\- means of heat. The sum of these 
impurities as jjercentage subtracttd fi'on/ 100 gives the 
rubber as a difference ligurc. 

Some eliemists, however, jirefer Ip dei:e,rnvne the rubber 
or caoutchouc by esliinatiug the amount that passes into 
solution. The tests on which one bases the price and there¬ 
fore the quality of the rubber are, however, all mechanical 
tests, and in recent years a great number, based on new 
])rinciples, have been suggested and in some cases adojited. 

Unfortunately, the method most commonly practi.sed 
consists in nothing more tiian smelling, seeing if it tears 
when stretched between two hands or gives wac to a strong 
push of the tinger anti thumb. 'I'lius more c]eiinite and 
reliable methods have for a long time been wanted. 

I'or plantation areas the iollowing tests have been 
suggested — 

T. ^'iscosity of rubber solutions of definite .strength. 

2. Adhesion tesis. A solution of rubber is brushed on 
a jiiece of cloth or strong paper and allowed to dry. The 
drv sheet is next folded and the two surfaces jircssed together 
and made to adhere. The weight required to tear the adher¬ 
ing surfaces is then determined. 

j. Tensile s'rcngih Rubber is pressed into a definite 
shape during cooling or drying and the elongation produced 
bv loading weights on one end obtiiined. 

From the manufacturers' ppitit of view, the tggts must 
be somewhat modified in order to meet the various uses to 
which the rubber is to be put. 

The most favourite is the .tensile test which determines 
th9 breaking strfess per unit of cross-sectional area ,and the 
elongation at rupture. The elongation under constant load 
and the effect of van ing the load below the limit of breaking 
stress are also determined. All these tests lay bare the 
mechanical strength of rubber. 
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T.HE RUBBER HYDROCARBi>NS 

To get an idea ol tile resiliency of ruSber a differtiit 
scries of Jests’has to be perforr»ed, and these tests determine 
the “ Permanent set ’’ or< coelticicnt of resiliency and 
" vSub-pernnyieut set.” The jicrmancnt set is tlic peniiancnt 
increase in length alter the fidl retraction which follows the 
withdrawal of a swcs*s. 1if*this is measured at deiinile intervals 
before the rubber has had time to fully retreat we then get 
tlfe sub-penna«ciri: set.. W hen the elongation obtained by 
gradually increasing loads and the retraction by gradually 
decreasing the hiais are jilotted, an h.\ stcresis curve is 
obtained and the form of a series of such curves is probably 
the best indication ol the fpialil) of the rubber. 

or RunnivK Airnci.i'.s 

Before the rubber can be used for manulacturing jHir- 
poscs it nn|st undergo such treatment as will remove any 
impurities jiresent and bring it to a loriu suitable lor the 
particular article required to be made Irom it. 

The removal of impurities, which usually consi.st ol more 
or less foreign matter, such as sand, dirt, bark and moisture, 
is carried out by the pnocess known as ‘‘ washing.” For 
this purpose the raw rubber is cut into lumps or slabs, 
stee'ped in warm water to render it pliable and remove some 
of the soluble iin])unties, and then jiassed through corrugated 
rollers. A stream of water is kept running on the rubber 
throughout the operation. By the continued s(|ueezing and 
disintegrating action of the rollers, the original liinqis or 
slabs of rubber are coiivc’rted into thin corrugated sheets, 
and the ^irocess is stopjiefl.when the riibbet is considered 
thin and clean enough. The sheets are nc.vt dried on racks 
in a drying chamber until the moisture content is (r2,5-0'5 per 
cent. The drying chambers are steaiii-hnated, but the cooler 
and drje^r the atmospheie is, the bettcT is the jirodjict 
obtained; otherwise the rubber is inclined to become 
“ tacky.” The normal drying tepiperature is 8o“ F. and 
the drying tekes three to four days, if ventilation conditions 
are suitable.^ 
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I » • 

• When dry and clean the rubber is made to* undergo the 
process of Maslicalion, by which pieans it is (fonv^ed into 
a soft doughy mass. The process is carried out by repeatedly 
passing the rubber between smooth, hollow; fteam-heated 
rollers. After about half an hour’s treatpient, the .rubber 
is usually of the required consistency and feady for the next 
process— Mixing. Here the rubber is .incorporated with 
the various other constituents which'are cons.Wered necessary 
for the production of the final article. Very few articles are 
made with rubber alone; jiartly on account of its price, and 
partly owing to its excessive softness and elasticity, so that 
the mixing jirocess is one which'must be carried out with 
practically every kind of rubber article manufactured. The 
materials other than rubber and sulphur which are employed 
in commercial mixings may be classified as follows :— 

{a) “ Chcapcncrs.” These include such substances as 
powdered chalk, barytes, ground rubber wasto; zinc oxide, 
etc., and are added tor no other puiqiose than to cheapen 
the linal article. 

(i) Materials added for a definite purpose, such as (i) to 
increase mechanical strength, i c. toughen or harden the 
goods— c.g. zinc oxide, magnesia (oxide and carbonate), 
lime and litharge. (2) To improve vulcanizing conditions, 
c.g. litharge, magnesia, quicklime, antimony pentasulphide 
or any other polysulphide. (3) Colouring matter, c.g. zinc 
oxide, zinc sulphide, antimony sulphide (golden and crimson),' 
mercury sulphide (vermilion), cadmium yellow, chrome 
yellow, chrome green, Prussian blue, etc. 

(c) Oil Substitutes obtained by the action of sulphur 
monochloride''on vegetable oils'to reduce the specific gravity 
of low-grade goods. 

{d) Reclaimed Rubber to cheapen goods where the addition 
of heavy mineral matter is not admissible. 

<■ The machine in which the miiiug is carried out is similar 
m character to the “ Washer,” being provided with hollow 
rollers through which water or steam can be passed. Before 
the actual addition of the ingredients, the rhbber is first 
‘‘ plasticized ” by passing through the steam-heated rollers. 
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and when the rubber shJet is thin enough, the other materials 
are gradualk added. It is Ihe object of the mixer to obtain 
an homogeneous douglf \jithout overworking the rubber. 
For this p*jr])ose, the dough, while still hot, is pas.scd through 
a *'calender.” niachine, from vrhich it is turned out in the 
fornf of a sheet^afld l«cHo a revolving wooden roll on which 
it is rolled between cloth. The “ calender ” consists 
essentially of, ^ferimposed smooth rollers, two or more 
in number, between which the rubber can be fed. The 
rollers are hollow tor steam-heating. 

If the rubber is not intended to be prepared in sheet form, 
the material from the jnixing rollers may be passed into 
moulds or forced through a die, as when solid tyres and some 
forms of tubing are being made. 

\'UI,C.iNIZ.\TION 

This process is probably the most im])ortant that rubber 
has to undergo, and without it, it is doubtful whether any 
rubber industrj-, worthy ol its name, could exist. The 
process consists in incorporating with the rubber, sulphur 
in its natural form, in solution or in combination such as 
polysulphidcs, and may be carried out by the hot or cold 
jWocesses. 

Hot Vulcanization or Hot Cure.— This process was 
discovered by Goodr car in 1839, and is carried out by 
intimately mixing rubber and sulphur by mastication. The 
process is facilitated by dissolving the rubber in naphtha 
and then mixing in sulphur. The temperature is raised to 
100’ C. At this temp«rature chemical onion takes place 
between the constituents of the mixture, and vulcanized 
rubber is formed. The whole of the sulphur does not, 
however, combine with fhe rubber, ^ut by prolonging the 
heating at 100" more ai^d more ofit enters into combination 
and a’darker and tougher vulcanized product results.* The 
action between the rubber and the sulphru does not start 
until the, temperature reaches’at least 100° C. Various 
temperatures ranging from i25°-30o'' C. are used, depending 



24 RUBBER, ,RESINS, PAINTS AND VARNISHES , 

on the form in fv-hich the sulphur fs added, but !or proper 
vulcanization it is essential tlj^c the temperature be above 
the melting ])oint of siilidiur. 114". The best results arc 
obtained when high ])ressure is used in'conjuttetion with 
high temjrerature, and this is attained either by wrapping 
tightly with fabric- r g. for hose 'and fyr/s—or by using 
an antoclave and injecting live steam. 

Cold Vulcanization. - This juoct'ss wys discovered by 
Alexander I’aikes in 1846, and is used more jiarticularly 
for “ proofing ” cloth than for ain thing else.' It is unsuitable 
for thick goods. It depends on the action of sulphur mono- 
cliloride on rubber. This action is. so violent, even in the 
cold, that the sul])hur monochloride has to be diluted by 
dissolving in carbon disuljihide before using. The process 
is carried out thus '—the rubber is j)lastici 7 ,ed, rolled out into 
a sheet and dissolved in naphtha with which it forms a sort 
of swollen dough. This is then rendered homogeneous by 
being worked between rolls and s])read u])on cloth by 
passing the latter between four series of rollers and a 
“ doctor,” which adjusts the thickness of the rubber. The 
solvent is removed by jiassing over a steam-heated table. 
The rubber-covered cloth is now conveyed to another 
machine u])on w Inch it is vulcanized by allowing it to unwind 
from one roller to another and making it pass over an inter¬ 
vening roller which dips into a sulphur monochloride bath. 

The rate of vulcanization varies with the temperature 
and percentage of sul])hur jireseut. The natural proteids 
in the late.x favour the cure as their removal retards 
the rate. Inorganic bases, like magnesia, were very early 
catalysts introduced to accelerate 4;he hot cure, and in. recent 
years organic bases have been used as accelerators. Piperidine 
was one of these which was first patented, but later the best 
results have been obt^ine^ by the use of aldehyde-ammonia. 

Para-nitroso-diineth> laniline is another effective pfganic 
basic accelerator, the time for curing a mixture of 100 
parts of rubber and 10 parts of sulphur at 140° C. being 
reduced from i hour to 20 minutes when o'3-o'5 cf this base 
is used in the mixture. If this substance be heated with 
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sulphur, upknov™ sulphur compounds aff? formed, which 
are als(j actK'e accelerators. • Twiss, arguing that the organic 
bases are active because ,01 tlieir solubilit}-, claims that 
ordinary caustic fiotash dissolved in glycerine mar' be used 
instead of an omaiiic accelerator as a vulcanizing catalyst. 

Peachey usty shlplnArctted hydrogen and sulphurous acid 
gas for cold vulcanizing. 

* Articles M..\Niii'.\cTrREr) 

Cut Sheet.— This is used for tobacco pouches, surgical 
instruments, etc., and is made as follows : Rubber, after 
thorough washing, is uiastieated, and when homogeneous, 
is made into a solid mass and frozen hard. The mass is tJicn 
sliced by a knife and the sheets vulcanized by the cold ])roccss. 

Elastic Thread, tor braces, garters, spring-side boots, 
etc., is made either by spreading or by calendering. In the 
“ spreadiijg ” process several coatings of a dough consisting 
of rubber sulphur and naphtha are spread on to sized calico, 
and after dusting with h'rench chalk, the rubber is stripped 
from the cloth, interlined with cloth and bound round a 
drum which is then vulcanized. After vulcanization, the 
rubber is removed from the drum, pasted over with a solution 
of shellac in nictlp lated s])irit, and, while still wet, wound 
round a roller so as to form a cj'Under which dries to a com¬ 
pact block. The rubber is then placed in a cutting lathe 
and the thread cut out to the required gauge. To remove 
excess of sulphur and shellac, the threads are boiled in a 
solution of caustic soda. When made b)' “ calendering,” 
the procedure is exactfy the same, only one starts with 
calendsred sheet instead'of spread sheet. '. 

Tyres.—Solid Tyres, such as cab tyres, omnibus tyres, 
etc., are made by squirting an api)ro;)riate mixture through 
a die in a forcing machine. .The douglvis placed in a hopper, 
and U}; the motion of a> screw, pu.slied tnrough a die, from 
which it comes out as a long thick thread, which is coated 
with French chalk and wound, on a tray. It is finally 
vulcanized-by the hot process. 

Pneunjatic Tyres. —The inner tubes of pneumatic tyres 
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are usually madb from calendered^sieet by cutting to the 
desired length, lapping round jtniandril and joining the ends 
together by means of a strip of fufiber and rubber solution. 
Good results are also obtained by squhting for solid 
tyres. The tubes are vulcanised with live steam on the 
mandril, and, after vulcanization, •rtmoVel, and the* ends 
joined up by means of rubber solution. ^ Vulcanization is 
also sometimes done in moulds, collgiise'qf 1jie tube beiii?; 
prevented by having ammonia or ammonium carbonate 
between the walls. The method is carrfi-ft out in the case 
of playing balls and other hollow articles. 

rneuniatic tyre covers are made uji on a mandril from 
proofed canvas and calendered sheet usually b>- hand and 
vulcanized in moulds in 0])cn steam. 

Hose. —This is jirejiared from calendered sheet, proofed 
canvas and other materials in several wa\ s, all more or less 
variations of one another. Thus “ friction ” hose^is made by 
la])])ing alternate layers of calendered sheet and canvas round 
a long horizontal mandril, placed in a wrap]iing machine. 
The same result may be obtained by drawing a seamless 
(squirted) tube through a mandril and then lapping over 
with canvas, or by passing simultaneously a “ squirted '' 
tube and a canvas strip through a machine which folds the 
latter over the tube. 

Buffers, Valves, etc.— Simple buffers are made by 
lapping over calendered sheet on a mandril until the requisite 
thickness is obtained and then vulcanizing in moulds. The 
linished article is sometimes made by cutting out of a 
vulcanized cylinder. * 

Belting. —This is made by, spreading out a suitable 
dough on both sides of })rooled canvas and cutting out 
into strips. The strips are joined together until a suitable 
thickness is obtained,and vulcanized in a long hydraidic press. 
Heels and Rubber J’ads are ,niade by stampmg,out of 
calendered sheet and vulcanizing in moulds. 

Rings.—These are made either by joining together 
tape or cord, or by cutting from a tube on a laths. 

Ebonite and Vulcanite.— These terms are applied 
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to the product ob.taiifed when rubber is vulcanized for a 
proloijged Time (six hours'yistead of two) with a very- large 
excess o^ sulphur or sulpkur-containing material (25-40 per 
cent, in j^ace of*the usual 5-10 per cent.). 

^The material is very hard, relatively non-elastic, but 
capable of bc^ijf bemf without breaking. It is capable of 
taking a high p^olish, may be turned on a lathe, softened by 
* heat, moused* and pressed out, and is very indifferent to 
chemical reagents such as alkalis and acids. For this reason 
it finds extensfv’? use in clieuiical factories for jnnnps, stop¬ 
cocks, and proof coverings, accumulator cases, etc. 

It is prepared in .a manner very similar to ordinary 
rubber goods, care being required to use the best materials 
jiossible, adding the foreign substances and then thoroughly 
mixing. 

Gutta-percha. —This (iroduct is obtained from various 
Fast Indian trees by felling and ringing the bark at intervals 
of 12-18 ins. A latex oozes out which soon coagulates. 
This is then boiled, washed witli hot water, strained, masti¬ 
cated between rollers and sheeted, Chemical cleansing with 
caustic alkalis or bleaching powder is sometimes used, and, 
when used for making a certain class of goods such as golf 
balls, etc., the resin which is present is extracted by treat¬ 
ment with petroleum spirit which leaves the gutta unaffected. 

Gutta-percha proper is closely allied to caoutchouc, the 
active ingredient of ordinary rubber, but it is not identical 
with it. In physical properties it has very little resemblance 
to rubber. It has not the same elasticity, on w'anuing 
beconres very plastic, and when pressed gives even the finest 
relief work in exact dAail. 

Under ordinarj' conditions, gutta-percha is hard but not 
brittle, forms an excellent insulator, and for this reason 
finds extensive use in submarine, cables, being very resistant 
to ^righ-water pressures. * 

Waste Rubber. —A very large quantity of scrap “rubber 
is collected annually. The greater part is washed and 
ground up finely and used as a filler in low-grade goods, but 
the rest js reclaimed and used just like raw rubber. Various 
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processes are employed for effectin| tlje reclanmtion, the 
most important being— • • ^ 

1. Washing to remove all dirt* * 

2. Treatment with alkalis and acids to'remov^ fibre and 
metal particles. 

3. Treatment with thiosulphate,* sulj)yites, etc., to 

remove any uncombined sulphur and as far as possible 
devulcanize the rubber. , ' * • 


R {' n lU'R S UBHTITl :tk,s 

Owing lo the high ])rice which i^, j)aid for rubber, many 
attempts have Ireen made to find substitutes which would 
not only resemble it but be eheaj)er to i)roducc. The 
chief of these substitutes is that obtained from drying oils 
such as linseed, which is, of course, known to give an 
elastic film when it “ dries.” 

t 

\Theu linseed oil is treated wifli sulphur (sul])hur mono- 
chloride) or antimony sulphide, air clastic mass is jiroduced 
which varies in colour according to the process used. These 
elastic masses are used as cheapening additions to raw 
rubber. 

Other substitutes are obtained be- heating together rape 
oil with suljrhur, and castor oil with sulphur monochloride.' 

Mixtures of glue, gelatine, glycerine, oils, etc., after 
treatment with taruiic acid, chromates, formaldehyde, have 
been used as substitutes for rubber. 

In spite of all the work that has been done, no rubber 
substitute which can be used by itself, i.c. without any 
addition of rubber,-is on the market.* 

4 

SEED.S .VXD TIIEK OlI,.S 

« 4 

A mature Hevea tree will produce on an avera^e^five 
hundred seeds per year, and as all these cannot under any 
circumstances be planted it is evident that a very large 
quantity of seeds must become available for commercial 
purposes every' year. 
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The Keds must be' collected, decorticated and dried 
before J)eiiig transported, sft that the question arises as to 
the commercial value ot ^le oils from the seeds and the 
meal cake ^rroduded after the oil is pressed out from them. 
The collection js to a certain extent compulsorr', as under- 
grow'th and ror^eilt life* must be reduced to a minimum ; 
decortication is necessary, as there is no other use for the 
Shells, which,we^^h inore than half the kernel, other than 
locally as fuel. Hence the value of the seed depends 
entirely on its ofl And oil cake. 

The fresh seed consists of about one-third shell and two- 
thirds kernel. 


(.ciinposilion cil cak'' (kernel). 


Moisture 

q-i 

Ash 


Fibre .. 

3-4 

Oil ... 

36-1 

Proteins 

78-2 

Carbohydrates 

2( i '67 


100 oo 


llrvra r.iko ’[H'r f'\pfrs=,ion ol oil 
( keilK ) nillv) 


Moisture 

J3'3b 

Ash 


Fibre ., 

5'00 

Oil 

b’oo 

Proteins 

26 81 

Carboln drates .. 

4364 


lOO'OO 


It is evident, therefore, that the kernels contain about 
one-third their weight of oil. 

* The oil is clear, light yellow in colour, and on saponifica¬ 
tion with soda yields a soft soap. It has been stated that 
it can be used for the preparation of varnishes, and further 
investigations have shown that it is suitable as a substitute 
for linseed and similar drying oils. Little seems to have 
been done on the lines of utilizing this oil, owing probably 
to high cost of seed coilection and the fhet that it would 
have to compete with other oils on the market; but, given 
local seed pressing machinery, there seems to be no reason 
why this source of wealth' should remain undeveloped. See 
further, p. 56. , 

Ceara Rubber Seeds. —These are small hard seeds 
weighing about 53 gms. per 100.^ They are difficult to shell, 
mincing p.’'ocesses giving only 45 per cent, kernel. The shell so 
obtained is unsuitable for cattle feeding rmless finely ground. 
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The oil amourtts to 35 per ceut/of the kernel,‘but only 
15 per cent, on the whole seed, fit has a light yellow colour, 
agreeable odour and taste and restiniles linseed oil in having 
a high iodine value, drying quickly and giving a t(^ugh elastic 
skin very white in colour. On boiling it^ becomes very 
viscous and forms a transparent gelatinous In^ss when treated 
with sulj)hur cliloride. 

Funtumia elastica.— Those are, siiiM] pointed seeds 
with husks thin and soft. One hundred seeds weigh about 
5 grams. The oil is very dark in colouf tnd amounts to 
33, per cent, on the seed. Ordinan,- decoloriziiig agents 
have little effect on it. It froths on boiling and has a bitter 
odour and taste, and deposits mucilaginous matter accom¬ 
panied by stearine in cold weather. It has the properties 
of a drying oil, but gives a tacky film. On heating it darkens 
in colour, and forms a viscous liquid similar to linseed oil 
freshly extracted. Treatment vith suljihur chlqride gave 
an elastic but sticky substance. 

The physical and chemical properties of these oils com¬ 
pared with linseed and Hevea oils are given below :— 



Coara. 

Fimimnia. 

Hevea. 

Linseed. 

Weight of 100 seeds .. 

53‘2 

4-8 

360 gms. 

— 

Oil content of kcrm l .. 
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— 

45 ' 4 S% 

— 

,, ,, of total seed 

1 . 575 % 

3i-o-33-o% 22-25% 

.86'<|o7» 

Sp.gr. 
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0-9258 
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Refractive index {13® C.) 

I475 

1-4788 

— 

I'4835 

Relative \TSCosity 

T3O 

14*3 

— 

i8-o 

Iodine value 
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Saponification value .. 
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190-195 

Acid value 

0O25 
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Hehner value .. 

95 I 
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— 
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27 
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Liquid fatty acids » .. 
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Nitrogen 
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4*34 
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• 
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Ash .. 
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Potash 
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Phosphoric acid 

1-72 
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Sand 
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]')VsivA.sESi AND Pests 

1 > 

The fungoid diseases df Hevea have been carefully 
studied bot^i in Ceylon and in Malag a, and many of them 
seem.to be ider»tical. Prom time to time certain of these 
diseases become ^iiore dirulent and attract greater attention, 
but on most estiiites the treatment is known, and a sharp 
look-out is kept »which makes the mortality from fungoid 
diseases not a serious factor. The root diseases are those 
which arc.chiefly to be feared, as in many of them the 
mycelium travels through the soil and thus spreads tl>e 
disease from tree to tree. Isolation by digging a trench 
round the tree and the excision of all the infected roots 
with subsecpient burning is the treatment in the early 
stages. The roots of neighbouring trees should, however, 
be examined to be sure that the fungus has not reached them. 
The common root diseases are due to /'owes bgnosus 
(formerly, semitostus), Ustulina zonata (which originally 
was studied in its ravages on tea), Boria hypolatcria (known 
as hypobruimea in Ceylon), Sphacrostilbc ripens and Hymeno- 
chactc ncxiu or brown root disease. Diseases affecting the 
bark and leaf surface are more easily detected. In districts 
wi^i a heavy rainfall. Pink disease, caused by Cortieium 
SalmonicoloH, appears on the underside of the bark of the 
stem and branches of the Hevea. This fungus also grows 
on most tropical plants and has caused trouble on coffee, 
tea, cmchona and other plantations. 


Synt6etic Rubber 

Synthetic rubbers have been prepared in the laboratory 
by the polymerization of tinsaturated hydrocarbons. This 
change is hastened by catalysts.' .As far back as i860, 
GrevilTe’Williams noticed that isoprene which he obtalhed 
by distilluig rubber, reverted back into a viscous solid on 
keeping, and in 1879 Bouchardaf’found that in presence of 
hydrochloric acid, the same condensation took place more 
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rapidly. Pipeiylene, an isomer *,01 isoprene,* behaves 
similarly. Tilden found that nitrosyl' chloride^ also acted 
as a catalyst in polymerizing* ijojlreiie to rubber,‘and in 
1892 showed that this .synthetic rubber could be \fulcanized. 
About the same time, Couturier proved that ^ipropylene 
similarly polymerized by heat tt), a solid rubber, * and 
Matthews, in 1910, patented the use of sodium for bringing 
about the jiolymerization of butadiene (trythrene) and its 
homologues. In this way, 20 part’s of is({prene, mixed 
with I part of sodium, in the cold beconias solid, and any 
unchanged liquid can be distilled off or extracted'by a suit¬ 
able solvent. Harries confirmed this useful catalytic 
property of sodium on these unsaturated hydrocarbons, 
and more recently, acetic anhydride at 150° has been 
patented for the conversion of isoprene to rubber, and 
even small quantities of acid or sulphur promote the con¬ 
densation when heated with the hydrocarbon. Oxy'gen 
carriers, sodium or zinc ethyl and colloidal metals are 
also the subject of other processes for bringing about this 
change. 

Ostromyslenski, in Russia, during the war suggested 
that isoprene could be catalytically converted first into 
j8-myrcene, and that this new hydrocarbon could be finally 
condensed to caoutchouc, having all the properties of P&ra 
rubber. 

Much further study is required as to the yields obtained 
by these various processes before one can predict which is 
likely to be economically successful. 

The source of the parent isoprene or other tmsaturated 
hydrocarbon aud cost price of theisame has also to be con¬ 
sidered before one can arrive at any measure of the future 
possible competition between synthetic caoutchouc and that 
obtained from plantations. Tljese parent hydrocarbons are 
now obtainable by tiie«removal of,water by passing ketones 
or ’alcohols over suitable dehydrating catalysts.* Thus, 
starting with dihydrox>'methyl butane one can obtain the 
conesponding ketone and finally isoprene by usjpg, accord¬ 
ing to one patent, aluminium silicate as the catalyst at 
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a temperati're betwqeu^400° and 600° under diiniiiiihed 
pressure, ^ 

CH 20 H.C«(CH 3 ).qK)H.CH*,- 20 Ho=CM 2 C(CI 1 ;|).CH CII, 

If ail ester liue the acetate of methyl butenol be heated with 
alumiTia under dimiuisbfi pressure to 400“, acetic acid and 
isoprene arc formed. 

• CH3.C(CH,).(gt:OCH3) CIl: CH., 

^CHj.COOH-i-Cli^ : C(CM3).CII . CII. 

Ostronivsle^iski starts from acetaldelndc and an alcohol 
with a catalytic dehydrating agent, .such as jirceipitated 
alumina which owes its «.ctivit\' to traces of basic salts, 
thus— 

CH3.CHO+CH3 CIl20H=2lI«0+CIl3 • CII ClI cir. 

I uMiii i„ 

CH 3 .CH 04 -(CIl 3 )oCllUlI= 2 H 4 )d-CII(Cll.,) Cll CII CIU 

The best yields secni to be not more than lO-iS per cent, of 
the pure hydrocarbon. 

These syntheses ol the butadienes thus i>ut the parent 
material a stage further back to llie alcohol or ketone, and 
it is still doubtful whether these can be obtained com¬ 
mercially say, from starch, by fermentation or b>' a synthesis 
frorfl carbide at such yields and at a price which would enable 
ail industrial development to follow'. 
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Pai^t II.—drying oils 


The class of oils which the paint and varnish maker uses show 
the property of^' flryiiig ” in the air. The drying of a film 
of paint or varnish depends primarily on the nature of the 
vehicle. The difference, can he shown by an experiment 
whereby plates of glass are coated respectively with water, 
petrol, kero.sene or paraffin and linseed oil. After several 
days’ e.xposure tljp petrol and water will have evaporated, 
while the plate coated with kerosene will be foniid to be 
greasy an^ almost unchanged. The linseed oil coating will 
have become tacky and will linally set to a tough varnish¬ 
like film. Linseed oil is a typical drying oil. Some oils, 
c.g. olive oil and castor oil, will behave like the paraffin 
layer and are non-drying oils. Semi-drying oils will become 
tacky very slowly and may, oti )>rol()iiged exposure, yield 
flexible films. This property of drying can be accelerated 
by incorporation of “ driers,” to which fuller relerence will 
be made later. In spite of the vast quantities of linseed 
and other drying oils handled annually the changes occurring 
during the “ drying ” are not fully understood. Un¬ 
doubtedly linseed oil is the most important member of its 
class, and its general prSperties may be considered typical. 
It contains the glycerides*oJ unsaturated aciSs of the aliphatic 
series, with r8 carbon atoms in an open chain. It is of 
interest to record that no drying oil of vegetable origin is 
known derived from an acid containin|; less than i8 carbon 
atoms in the molecule, (isanic acid C11H20O2 is perhaps 
an exception). The majority are open-cham compounds 
with the exception of the oils^ from chaulmoogra seeds 
(Barrowclifl and Power, /. Chem. Soc., 1907, joi, 577). 
As glycerides they are saponifiable and are “ fatty ” oils in 
35 
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contradistinction to mineral oils, v&iicti are unpponifiable. 
They may also be termed fixeji' oilj, in that they c^not be 
volatilized under atmospheric “ pressure withoijt decom¬ 
position. The drying oils of animal origin (me^aden and 
J apanese fish oil) contain the glyceride of clupanodonic acid, 
C18H28O2, whilst the liver oils of certain ^embers of the 
shark family contains spinacene, a highly unsaturated 
hydrocarbon (Chapman, J. Client. Soc., 1^171 iii, 56). K 
IS possible that this substance is identical with squalene, also 
present in shark oil (Tsujimoto, J. Ind. Ghent., 1916, S, 
889), 

One characteristic difference between animal and vege¬ 
table oils, including drying oils of animal and vegetable 
origin, lies primarily in the presence of cholesterol, C2,H450H 
(an alcohol), which is a component of the well-known lanolin; 
whereas vegetable oils contain phytostcrol (an alcohol of 
the same formula), which is distinguishable .under the 
microscope and yields an acetate with a melting point 
different to that obtained from cholesterol. 

Genuine linseed oil is essentially a mixture of the tri¬ 
glycerides of linolenic, liuolic, and oleic acids, together with 
small quantities of glycerides of saturated ali))hatic acids, 
palmitic, stearic, and possibly myristic acids. The glycerides 
are mixed glycerides of varying composition depending on 
the source of origin and on the maturity of^ the seed from 
which the oil has been expressed. The amount of saturated 
glycerides is small, but their presence in linseed oil is a factor 
for consideration in any varnish process. 

Friend, “ Chemistry of Linseeii Oil,” 1917, p. 64, sum- 


composition as follows:— 

Saturated organic acids .. 
Oleic acid .. 

• Linolic acid 
Tinolenic acids .. 
Glyceryd radicle (CsH's) 


e, states 

the percentage 

.. lO'O 

lO'O 

.. 5'0 

50 

• • 483 

59 'i 

.. 32 r 

21'3 

.. 46 

^6 

.. 100 0 

100'0 


Total 
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722 and 1106) 


Fahrion^(Z. ang{^w.Khcmic., 1910, i f, 
gives a slightly different composition :— 

• f 

Unsajonifiable matter* .. .. o'6 percent. 

Saturated fat{y acids .. .. 8'6 „ 

Oleic acid.15-20 

Xinolic acid • .. .. 30 

Linolenic adds. 38 

• The most^ iiq^Jortant component of linseed oil is the 
glyceride of linolenic acid, C17H20COOH, or 
CH3CH2.CH =C«?CH2.CH =CH.CH2.CH =CH(CH2) 7COOH 
(Goldsobel, ]. Russ. Phys. Ghent. Soc., 1906, yS, 1909 ; 
1910, 72, 55 ; Erdmann, and Raspe, Bcr.‘, 1909, 7?, 1334 ; 
Erdmann and Bedford, Bcr., 1909, 72, 1324,) 

Stearic acid is a saturated acid possessing the formula 
CH3(CH2)ioCOOH. 

Linolenic acid is stated to occur in two forms in linseed oil. 
as glycerides of a and j 3 -linolenic acid (Erdmann and Bedford, 
loc. cit.). From the work of lirdinann and his collaborators 
linolenic acid maybe taken as containing three double linkages 
as shown above. hVom the general properties of such a con¬ 
figuration it is to be expected that the oxidation of linolenic 
acid will proceed in stages, whereby a molecule of oxygen 
becomes attached where there is a double linkage. This 
gradual absorption has been observed in the oxidation of 
China wood oil (/. Chem. Soc., 1918, iij, in). Peroxides 
6—CH 

of the tvpe | are formed (Fahrion, Chem. Zeit., 
0 -CH 

1904, 28, 1196 ; Wilson iind Heaven, ]. S. C. /., 1912, 

565 ; and Ingle, ]. S. C. 1913,32,639), and eventually from 
the linolenic acids there restilt glycerides of diperoxylinolenic 
acids when linseed oU is transformed into the highly oxidized 


state of linoleum (A. de Waele, J. Ind. Eng. Chem., 1917, 

• Ct. Engler and Frankensfen, Bet., 1901, 34, 2933, on the oxldatign of 
dimethjd fulvene:—■ 

CH—CH Oj 

CH=CH. ,CH. . j' I \/\ .CH, 

I • )C=C< ■(Dmiethyl 4 - 20 , = l 0 . C—C( 

CH=Ch/ 'CH. !i I / ^CH, 

. ■ CH—CH 
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The relative J)Ositions of the jl^roxide att^hments is 
not definitely fixed, but it may'be j)resumed that tjiey are 
contiguous to the (CH2)7COOii« group end of t,he chain. 
Ingle (/. S. C. I., i()02, 3 T, 3()4) states" that ^.he doubly 
linked carbon atoms in proximity to COOH„groups niaj' be 
prevented from absorbing halogenli • from strongly acid 
Hubl solution. Such peroxides may undergo subsequent 
]>olymerization (Fahrion, Chcm. Zeii., fS, 1196, and 

Morrell, foe. ai.) which may occur by linkage up of the 
molecules through unattacked, unsaturafed carbon atoms, 
rather than through the peroxide groups:— 

O—CH—CX—CY—CH—O 

I I I I I I 

()—CH—CX—C Y—CH—C) 

Finking up through unsaturated carbon atoms is more 
likely because of the probable occurrence of thci glyceride 
of diperoxylinolenic acid in linoleum (foe. a'/.} rather than 
a triperoxy-acid, and also the subsequent polymeriza¬ 
tion of niono])eroxy-a-elaeostcaric acid obtained from 
tung oil. It must be ])ointed out that these peroxides 
are unstable and their possible products will be discussed 
later. 

Fokin (J. Russ. Phys. Chem. Soc., 1908, 40, 276) considers 
that the primary product in the oxidation is an oxide 
R.CH—CHR 

X/. General evidence favours a peroxide formula 
O 

for'the oxidation product of linseed oil, but the subsequent 
change to linoxc-h may be accompanied by polymerization 
or by decomposition of the oxidized molecules with poly¬ 
merization of the products (Harries, Annalen, 1906, 318); 

and A. de Waele, Chem. World, 1914, j, 300). 

Salway (/. Chem. Soc., 1916, .log, 138) suggests that 
linoxyn consists of olein and of polymerized aldehydes 
derived from the decomposition of the oxidized linolenin. 
De Waele considers it to consist of peroxides vuth poly¬ 
merized aldehydoglycerides (foe. cit.). Orloff (/. Russ. Phys. 
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Chcm. Soc., iqio, ^2, suggests that Hnolenic and linolic 
glycerides oh oxidatfoii yield respectively ■— 

CHj.CHo.CH - CH,CH.,,CH-CH.CII ,.CH-CH(CH,),.COOR 

\/ 

0 C>.. (.) 

• » • 

■.\/ ■ \/ 

0 0 

< • 

These forniulse do not account for the presence of uusaturated 
components of liuoxyn, [See also “ Theory ol Driers.”] , 
W'ithout going furthef into the uncleeided changes in the 
oxidized molecule, it is suflicient to stale that the tough 
ela,stic lilin obtained when linseed oil is o.xidized is linoxyn, 
and that it contains the glyceride of diperoxyliiiolenic acid 
with possibly some peroxvlinolic acid glyceride, together 
with their'decomposition products 

The systematic examination of the oxidation products 
of linseed oil is comparatively recent, in spite of the great 
antiquity of its employment in the arts and crafts. 

The conditions of absorption of oxygen will be discussed 
under the theory ol driers, but it will be of advantage to 
stt»dv briefly the reactions of uusaturated glycerides, so as 
to understand the behaviour of drying oils. The researches 
of Harries and his pupils (Bet., 1906, jp, 2894, and 1909, p2, 
442), Molinari [Ber., 1906, jg, 2733, and 1908, 41, 2794), 
Erdmann and Raspe {loc. at.), and Fenaroli [Gazz. chim. 
ital., igo6, ^6, (2), 292) on the action of ozone on unsaturated 
acids and oils have shown that a molecule^ of ozone can be 
attached to each pair of clcmbly linked carbon atoms. Such 
ozonides, c.g. oleic acid-ozonide 

CHatCHjlj.CH—CII-iCHj),COUH 



are easily,decomposed by water ahd by alkalies to give acids 
and aldehydes according to the scheme— 
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O, 


I^CH—CH.R'.OOOH R.COCai+CHO.R'.COOH 

\ / Acid: * AldcliycX) acid. 


C»OOH 

RCOOH+'R' <*“)'■= 

t. . ‘ cooi-r I 


Tlic identification of tlic ])Todncls of decomposition lias 
tlnown light on the structure of the uiislVir;^J:cd acids, anti 
Erdmann and Raspe's formula for linolcnic acid rests on 
the results of such an investigation, l'fir<details as to the 
properties of the ozonides and their importance in fixing the 
structure of linseed and other oils, Reference may be made to 
Friend’s monograph on the “ Chemistry of Linseed Oil,” 
IQ17, pp. 18, 44, which is supplied with an excellent 
bibliography on the subject. 

In addition to ozone, In drogen may be made to unite 
with glycerides of the unsaturated oil acids by modifica¬ 
tions of vSabatier and Senderens’ method, whereby In-drogen 
is absorbed in the presence of nickel as catalyst, with the 
formation of a saturated acid or its glyceride, viz. stearic 


acid 


X--CH=CH.Y-f2H=X.CH2—CHj.Y 
The hardening of oils, whereby the liquid fat is trans¬ 
formed into solid stearin, is now an important industry 
which may be said to date from the .time when the scientific 
investigation of oils was systematically undertaken. The 
reduction is quantitative, and Bedford {loc. cit.) has demon¬ 
strated that the hydrogen absorbed can be taken as a 
measure of the degree of unsaturation of the oil; this is 
usually decided by the determiiKition of the iodine value, 
which has now become a recognized method for the examina¬ 
tion of drying oils. 

X-CH =CH-^Y -I-2I =X—CHI—CHI.Y 
The iodine is usually presented in the form of ICl'and the 
excess determined volumctrically (Fryer and Weston, “ Oils, 
Fats, and Waxes,” 1918, ^,’94). Sufficient has bee;j given to 
indicate the unsaturated cliaracter of linseed oil as a typical 
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drying oil as shown bj- ill power to absorb elements such as 
oxygen, Jiydrogeii, chloride, bromine and iodine. 

If a la;^er of linseed oil *{o*l-o’2 gram per 100 sq. cms.) 
be spread oy glass, the niaximiim gain in weight is 19 per 
cent.^of the weight of the oil taken (Lippert, Z. angcw. Chcni., 
i8q8, //, 412; \yeber,’j?)irf., 508). The rate of absorption 
depends on tlic teynpcrature, atmospheric conditions and on 
the presence »f c'atalysts or “ driers.” The absorption is 
accompanied by a decomposition due to the degradation of 
the peroxides pf'eeuously referred to. The decomposition 
products comprise volatile substances, c g. carbon dioxide_^ 
water, formic and acetic *cids, aldehy des (acrolein, C3H4O) 
(Sahvay, Traits. Chem. Soc., 1916, log, 136), caused by the 
disruption of the molecide where the oxygen has been 
attached to the double linkages. vSuch aldehydes ma>' have 
a bactericidal action, and if ])resent in large concentration 
they are considered by some to have toxic properties.* 

Moisture and soluble ferments bring about hydrolysis of 
the glycerides whereby acids are formed, which on oxidation 
and rupture of the molecule produce aldehydes causing 
” rancidity ” (Nicolet and Liddle, J. hid. Eng. Chem , 191O, 
S, 416). 

Owing to the loss of volatile products the percentage of 
oxygen absorbed after 56 days’ exposure may be 2'25 times 
the observed increase in weight of the oil, if it is allowed 
free exposure to air and no film is allowed to form, 

(1) Time of exposure, 56 days; increase in weight of the 
oil, 974 per cent.; weight of volatile products, I2'2 per 
cent.; w’eight of oxygen a*bsorbed, 2i'49 per cent. 

(2) Time of exposure, *68 days; increase ia weight of the 

• It is significant that no evidence has been shown of the toxicity of the 
gases evolved during the oxidation of linseed oil m enclosed spaces, such 
as are found in the “ oxidizing sheds” in linoleum works (see chapter 
on Linoleum). The concentration of the vapour ovolved in these chambers 
where solidification of linseed oil at the rate^f'onc ton per diem takes 
place, ist.utfh that their irritant effect on the mucous mcmbrance of the n^se, 
and the lachrymatory glands of the eyes, make it impossible for any but 
operatives inured to the vapours to withstand them with comfort for more 
than a minute or so. Workmen employed in the oxidizing sheds are said 
to remain in them for periods of an hour at a time, without suffering any 
ill effects other than a passing discomfort due to hypersecretion of the 
glands mentioped. 
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oil, 8'96 per ceht.; weight of vd^tije products, I5'8 p 
cent. ; weight of oxygen absorbed,^ 2477 per cent. . (Frien 
Proc. Paint and Varnish Soc\, ‘May 14, 1014 I )Vilson ai 
Heaven, J. S. C. I., 1912, ji, 565; aiicl de Waele, Che: 



From the above data there is a point of equilibrium 
which the gain in weight is approximately equal to the 1 



(Friend). 


in weight due to escaping vapours and gases. Any fa( 
assisting or retarding the removal of the oxidatiqp prodi 
will proportionally lower or raise the observed increase 



xalju>rv 4.71 
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the weight of the oil :,thjh accounts for the Varying figures 
given, i 3-»25-6 per cent. (lugfe, J. S. C. /., 1913, j2, 639, and 
Redman, Wfith, and Brock, Ind. Eng. Chcm., 1913,5, 630,) 



The increase in weight of some drying and semi-drying 
oils on exposure to air is shown in Figs, i, 2, and 3. 



Fig. 4.—Rate oi Percentage Gain in Weight of Oils at too" C. 

In Figs. I and 2 the variation of the percentage of 
oxygen absorbed and the increase in weight of linseed 
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oil with the time of exposure are‘|fho)\ui. In Figs. 2 and 5 
a comparison is given betweeh drying oils and sejui-drying 
oils, as to the weight of oxVgcM absorbed with,.the time. 

In Figs. 4 and 5 the effect of temperature pn the rate of 
absorption by three oils, of which cotton seed oil is a typical 
semi-drying oil. From an examiilation of the curves there 
is evidence of an induction period during which the increase 
in weight is .slow. It is assumed that om^ll quantities of 
peroxides are being produced w’hich, on their formation, act 
catalytically as oxygen carriers. The addition of a metallic 



j. _Percentage Gain in Weight of Drying Oils at too'' C. (Friend). 

drier reduces this induction period. Fokin (J. Russ. Pkys. 
Chem. Soc., 1907, jp, 607, and 1968, 70, 276) states that the 
rate of setting 'of linseed oil filnis follows Spring’s rule, in 
that it is doubled for every 10 degrees rise in temperature ; 
moisture retards the time of setting. It is evident that the 
change cannot be expressed by’ a simple velocity equation 
because of the loss of'volatile products and the po,psjbilities 
of polymerization of the oxidizing and oxidized oil. Poly¬ 
merization would tend to_ reduce the amount of the volatile 
products. 

The influence of moisture is shown in Fig. 6. _ 
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The curves in Fig, 6. de Waele, J. S.C. 1920, jp, 
48T) repri^sent graphically th? results obtained by plotting 
the variations in weight* ah(»\vu by exposing variously 

I 



Increabe 111 weiclit % 

V r^ec OvO*"*'". •riACh- 


P.W.V. (millimetres Hg) 

T 41 CM'C Cec'O 0 
a &, ?^cr) aD®cncd) 

Kelative Humidity 

treated Imseed oils in air, the atmospheric conditions b^ftig 
simultaneously plotted as detailed in the graph. It will 
be noticed Jhat the two series of observations, viz. in light 
and in darkness, although agreeing in the direction of the 
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path of the cufve followed by thd^ individual oils examined, 
differ very materially, a faMy close connection existing 
between the mverse of the*pressure of the w.ater vapour 
and the light conditions, whilst the darkm^ss conditions 
follow more closely the relative humidify readings. The 
coincidence of the paths followed by the different oils occurs 
after the completion of the first indujkiou jieriod. The 
relative stability of jiolymerized oil is skowp by the steady- 
upward tendency and closeness of the ordinates at the 
33rd and 133rd day periods, and furthbr'supports the view 
as to its constitution outlined on p. 37. The conclusions 
'drawn by the author from the above curves are that the 
periodic variations in weight are caused by the tv\o factors 
composing the atmospheric conditions: (i) The decom¬ 

position of the primarily formed peroxides is initiated by 
the presence of water; and (2) equilibrium conditions, 
i.c. decomposition versus back-pressure, are attained by 
the interpretation of the latter as pressure of water vapour. 

Gardner {Circular No. 70, Faint Manufacturers Assoc, of 
the U.S.), discussing variation in weight curves showing 
two alternate increases and decreases, holds the view that 
the first decrease is represented by decomposition of the 
oxidized product into volatile products and solid oxidized 
residue, followed by splitting up of the latter into fatty 
acid and the glyceryl radicle, the glyceryl then taking up 
water to form glycerol and thus representing the second 
increase. The second decrease is tlien held to be accounted 
for by decomposition of the glycerol into volatile decom¬ 
position products. * 

The effect, of stoving a linsgai oil film at 100° C. is to 
increase the water-resisting power by increasing the thickness 
of the layer of linoxyn. Friend has found that a film of 
linseed oil dried sJc 15° C. absorbed five times as much 
moisture as a similar film stoved at 100° C. (J. Iron^a^id Steel 
Intitule, 1911, hi. 54). He states that the painting of wrought 
iron while it is hot gives a much more effective protectionlS 
Genthe (Z. angew. Chemie, 1906, /p, 2087), Fig. 7, showed 
that the rate of oxidation of linseed oil exposed to ultra-violet 
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light was greatly accele^ted. In the dark the maximum 
absorption was reached m 5h days, whereas when exposed 
to light fr^om a mercury *la>n]» the maximum was attained 
in 25 hoursy Under these conditions linseed oil was found 
to absorb 34 per-cent, of its weight from the atmosphere. 

Clianges in wcfight. are accompanied by changes in 
volume. Friend ^rans. Chcm. Soc., iqiy, iji, 162) found 
that with incyasfj in weight (ly'p-lSj per cent., i.c. solid 
linoxyn), there was an increase in density with an increase 
in volume up to 3 per cent.; subsequently a contraction 
ensues on ling exposure which is a simple explanation of the 



cracking of paints and the shrivelling of varnishes. Wolff 
[Farb. Zeit., 1919, 24, 1119) has found that where varnishes 
yield glossy films in light of short wave-lengths, shrivelled 
films are produced in - light of long wave-length. He 
maintains (loc. cii., 1389) that in varnishes exposed to light 
of short wave-length oxidation and polymerization proceed 
at nearly equal rates, whereas in light of long wave-length 
polynjerization is retarded more than oxidation, so that 
inequality in volume of inner and outer layers is produced. 

Gardner {/. Ind. Eng. Chcm., 1914, 6, 91) has shown that 
linseed oik w'hen mixed with chemically inert powders such 
as barytes and silica, exhibited a smaller gain in w'eight on 
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setting, the powders apparently assisting in the decomposition 
of the peroxides with the production of volatile ms^terial. 

The absorption of oxygen is ,'ic(!oni])anied by an evolution 
of heat, so that precautions must be taken to a^void sponta¬ 
neous combustion of any fabric impregnated with a drying 
oil (Mackey and Ingle, j. S. C. I., 310). Sim'darly 

the absorption of bromine by linseed oil js exotliermic, and 
Harden (J. Ittd. Eng. Chau., icjib, S,^ 121) states that 
206 calories per gram of linseed oil are evofved, compared 
with 1007 calories in the case of olive oik , 

After the general statement of the ])roperti(?s of linseed 
oil as a drying oil, it will be advisable to describe brief!)' the 
sources of the seed, and the mode of extraction of the oil. 

On the importation of linseed depends the sup])ly of 
paint in the building and decorating trades, and for the 
manufacture of linoleum, although abroad linseed oil is used 
to a very limited degree as a burning oil; duryig the war 
it was an important source of glycerine. 


iMPOinS rOR CoN‘=l'MPiIUN Oh Oil Slrl-DS IN KlJ 


LlllHU (1, 

XTnitccl Kinu'loni . . (>521,812 tons 

United States .. 152,557 

Germany .. .. 500,525 metric Ions 


Soy.i lx ,111'', 

7<>, 1 S2 toil'' 

Not sejiarately distin^mshcd 
J 25,750 metric tons 
(incliulin^ castor oil) 


France .. .. 257,401) ,, ,, 45 

Belgium .. .. 259.105 „ Not separately distmguMicd 

1913 was considered to be an abnormally high year for linseed. 


On conversion of the seed into oil values and deducting 
the figures for re-export, so far as the United Kingdom is 
concerned, Mr. Pearson, chairman of the Oilseed Crushers 
Association, has compiled the following table for 1912-14, 
1915, and 1916.. 



Oil impurtb or equivalent 
of seed imports. 

_fe_ 

Oil exports. 

Oil retamed for U.K. 


1912-14. 

1915. 

. 1916. 

__€ 

1912-14.* 1915. , 1916. 

1912-14. 

1915. 

1916. 


Tons. 

Tons. 

T#ns. 

Tons. ' T^ns. i Tons. 

Tons. 

Toni. 

Tons. 

Linseed 

158.124 

123.554 

I5U7I<^ 

27.5,56255.92724,761 

i3C'i562 6f,027 

126,949 

oil • 




i i 

26,36036,082; 3,397 

; 



Cotton 

127,510 

117,911 

0o,212 

101,150 

81,829 

56.815 

seed oil 






Fish oil 

00 

eo 

91,872 

109,061 

8,229, 4.570! 1.146 

55.58»'87.302 

107.915 





DRYING OILS 


49 

During the war the drfiiaiid for oil seeds’ was increased 
b}' three ;main causes : (i) llie demand for glycerine for 
explosives, jvhich involved sl^Htting a quantity of oil far 
exceeding tli^ normal requirements of the soap trade. 
(2) The demand for edible oils for margarine, (j) Main¬ 
tenance of the suimfles of feeding cake for cattle. 

I'ortunately tlV' British Empire possessed the very 
substantial advantage that the supply of oil seeds generally 
was amply sufheient for the requirements, and left a margin 
for export, as sliftw^i in the table given above. By the 
system of prohibiting exportation from countries of origin, 
to destinations other than the United Kingdom or the 
Allies, except under special licence, it was possible to secure 
to this country any quantities required for which shipping 
was available. 

The largest exporting countries of linseed are the 
Argentine, Russia, India, and Canada. The general oil¬ 
seed production of India is already very great, and is capable 
of still further increasing {“ Oils and Fats in the British 
Empire,” Sir A. D. Steel Maitland, 1917). The Canadian 
crop is absorbed by the United States. The Argentine 
exports to Europe reached in 1913, 1,100,000 tons, or on the 
average 800,000 tons annually. The exportable surplus 
from India varied from 250,000 tons to 400,000 tons in 
1913 - 

Small quantities have been grown in England with very 
satisfactory results (Eyre and Morrell, British Flax and Hemp 
Growers’ Society Publications, 1919, and J. Board of Agri¬ 
culture, 1919). China is beebming a linseed oil^seed exporting 
countr}'. Soya bean froirf China, Manchuria, and Japan 
have become less popular, and have fallen from 400,000 tons 
in 1910 to a much lower figure. 

The flax or linseed plant (linum usUatifsimum) is grown in 
some coju^tries for fibre, and the highe’st germinating seeds 
are preserved for sowing. The true flax-bearing plant Has 
a straight, unbranched stem, 40 inches high, consisting of a 
core, an outer covering, and an intermediate layer of bast 
tissue. It is the bast tissue which gives the flax fibre, 
s. ' -4 
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after separation by retting and ^scutching, to be spun for 
linen. The seed variety is liraiicliing and shorter in the 
stem, and its fibre is of rel'itively small impojtance. The 
yield of seed per acre from the fla.x jdant is 6-Vo cwt., while 
the seed variety gives 10-20 ewt^ ])er aerf. The seed from 
the branciiing variety is larger and'yields 30-40 jier cent, of 
oil. To extract the oil from the seed l/)t or cold pressing 
may be employed, the former being the rtiost common, wliile 
the latter is only resorted to when a pale edible oil is required, 
as in Russia, Germany, and India. * 

, Extraction of Linseed Oil.— The extraction of oils 
from their seeds is essentially an»engineering problem. The 
broad, general methods are two, viz. enqiloynient of jiressure 
and extraction by solvents. .'Vs the seeds are small they 
are crushed in hydraulic presses and the oil forced out of 
the seed. The seed or meal is healed during the proee.ss of 
hot crushing, and the oil jirodueed is known a? hot-pressed 
or hot-drawn oil. Such oil is discoloured by its having 
dissolved, during the ex])ression, an excessive amouirt of 
colouring nratter. The cold-drawing ])rocess leaves usirally 
a coirsiderable amount of oil in the cake, but it is freer from 
impurities such as mucilage, and is of a better colour. By 
either hot or cold prf>eess not more than 90-45 per ceyt. of 
the total oil is removed from the press-cake. The second 
process extracts aU the oil froirr the seed by the use of 
solverrts, benzol, carbon disulphide, or carbon tetrachloride. 
The process in outline consists in allowing the solvent to 
percolate through the seed or meal in a closed vessel, draw'ing 
off the solution and distilling off Ihe solvent. 

Anglo-American CrushUil System.— Linseed, rape 
seed, and similar small seeds do not entail preparatory 
machines to reduce them to a f^rm suitable for treatnrent in 
the subsequent ojj recovery process. Such machines are 
specialized and" are'designed t« deal with one^jjftrticirlar 
cldss of seed or nut, e.g. for reducing cojira and coirverting 
it to meal (Fig. 8) 

The oil seeds (linseed, rape, etc.) arc first passed through 
a magnetic separator to remove pieces of metal which 
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have been added to*bri»" llie weij.,,. ... ,bc seed, and 
then pa& by an endless* b;iijd conveyor to the cnishiiiR 
mills. * 

Seed Cru 4 hing. —This operation is performed by a crash- 
inp mill which consists of f, rolls. iG inches in diameter and 42 
inches long, stackcal vertically, and are (juite plain on the sur- 



Fig. 8 .—Anglo-American Rolls. JRose, Down and Thcmipson, Ltd , Hull.) 

• • 

face. As usual they are ground very true and are forced on 
to their shafts by hydraulic, pressure, and thereafter keyed 
at both ends. The lowest roll is dritcni *at both ends and is 
provide with two additi 5 nal pulleys, from which belts jtie 
taken to similar sized pulleys at each end of the third and 
fifth rolls. The bearings for all the rolls except the lowest 
are free to'slide vertically in their housings, so that the 
pressure exsrted on the seed increases with each step in its 
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f , 

descent. The capacity of the rq'ls -is about 13 cwt. per 

llOUT. ' *’ 

Heating and Moulding.—The heating of the crushed 
seed or meal facilitates the expression of the (Jil, helping to 


rupture the cells in which the oil, is contained ; moreover, 
the viscosit}- of the oil is reduced so'that on pressing it flows 



Fig. 9.—^Kettle and Mouldinj; Machine (Kobert Middleton). 
[Rose, L)ov\'n and Thompson, Ltd , Hull.] 

(“The Production and Treatment of Vegetable Oils," T. W Chalmers.) 


away more freely. [ Heating also coagulates the albuminous 
njatter which is' reta'med in the 'press cake. Frequently a 
little steam is admitted direct into the kettle, not so much 
to heat the meal, but to improve its condition and to 
facilitate the flow of the oil. The time and temperature of 
heating may be 20 minutes and 170° F. respectively. 
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The meal is withdrawu/rom the kettle iu suitable amounts 
and is immediately tou|h-niOulded in a machine to the 
form of slabs suitable for ^hl; jjress iu use, and as quickly as 
they are ma(Je the slabs are transferred to the press. 

Pressing.— In the Anglo-American press the iulersi)ace 
between the ram tnid the lK)p plate is provided with a number 
of iron plates ^o- 
ao), usually sjus- 
pended evenfy one 
over the other. .Be¬ 
tween the plates arc 
])laced cakes of uni¬ 
form size as they 
come from the mould¬ 
ing machine. < )u the 
application of pres¬ 
sure the plates are 
forced together, Urns 
squeezing the oil from 
the meal and causing 
its exudation through 
the cloths surround¬ 
ing each cake, 

On the release of 
the pressure the 
plates fall again into 
their correct position. 

The presses are de¬ 
signed for a pressure lo.—Type of Ang;lo-.\mcncan Pres-, 

of two tons per square . I’tUcs supportedgiy Links. 

. , (Roie, Down and Thompswn. Ltd. Hull) 

inch. The columns 

are of mild steel and the bottom has a large receptacle for 
the expressed oil, from whidi it is condqpted to underground 
tanks. ^ The plates may be supported,by tacks, or by links, 
as in the*figures. . * 

The press is undoubtedly efficient. It is simple, and 
running iq conjunction with the modern meal-moulding 
machine, it is easily and quickly loaded. It is rapidly 
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unloaded, but the stripping of the press bagging from the 
cakes may involve considerqble ,ilabt)ur, so that special 
machinery may have to be installed for mechanical stripping. 

The presses are best adapted for dealing Vith seeds 
containing a moderate amount of oil. The t'ake meal is 
pressed only on two sides and iw t round' the edges. < The 



places are often cor¬ 
rugated so as to pre¬ 
vent, as far as pos¬ 
sible, the meal from 
sju’cadiug, which is 
occasionally success¬ 
ful but not always so 
with seeds of high oil 
content. For seeds 
containing a high per¬ 
centage oil a box- 
cage type of press is 
preferred (Chalmers, 
loc. cit.). The press 
cakes are the linseed 
cake of cattle food. 

The Extraction 
Process.— -The 5-10 
])er cent, oil left in 
the piess cakes is not 
a source of loss, but 
the cake from which 


I’lG. II. —Type of Anglo-Anieocan Press. been eil- 

I'latcs supported iiy Hacks ^ tirely extracted can 
(Rose, Down and Thompson, Ltd , Iltill) direct tO 

cattle without requiring dilution with bran and other 
substances, as is the case with the ordinary press cake. 
The oil extraction .solvents must be carefully selected. 
Mt^srs. G. Scott and Sons, Ltd., London, make an oil 
extraction plant in which benzol is used as solvent. Benzol 
is stated to be one of the most difficult splvents to remove 
from the oil, but it is the safest and the results are considered 
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to be satisfactory. The extraction is perfqj'ined cold. In 
the continuous still thte d*scepding oil and solvent are met 
by an ascending current of steam, so that the benzol is 
carried away with the steam. The working charges are 
very low. Tne coal required ])er ton of raw material may 
amoimt to two oi' three cwt. and the loss of solvent may be 
returned at ll gallf. per ton of seed treated. The statement 
by Ma.stbaum [Z.^angew. Chan., lyib, g, jiq), that the 
extracted oil dries slower than the pressed oil must be 
doubted. In thejjryssed oil it was suggested that the more 
fluid glycerines, i.c. the unsaturated glycerides, would be 
extracted first, but as linseed oils contain mixed glyceride? 
such a differentiation is hot possible by a pressing extrac¬ 
tion j)rocess. For fuller details respecting the projierties 
of linseed oil and other drying oils reference may be made 
to Lewkowitsch, “ Oils, F'ats, and Waxes,” 5th edition, and 
to Fryer and We.stou, ‘‘ Oils, Fats, and Waxes,” iqnj. 

A short description of the ])roperties of several ])aint and 
varnish oils must be given, viz. Ferilla, vSoya, Poppy-seed, 
and China wood oil (Tung oil). 

Perilla Oil is expressedfrom the seeds of Perilla Ocimoides 
(Nankinensis), an annual plant growing in China, Japan, and 
the East Indies. In Japan it is employed as an adulterant 
of lacquer. Very little is exported to the United Kingdom. 
In Manchuria it is stated to be used for edible jnirposes. In 
spite of its high iodine value (206) and high insoluble bromide 
value of its fatty acids, its drying power is stated to be 
inferior to that of linseed oil. The statement that it forms 
“ drops ” when spread on^a surface is not generally accepted 
by users of the oil. H. Gardner (‘‘ Paint Researches,” 
1907) reports favourably oh the use of perilla oil in paints 
and linoleum. 

Soya Bean Oil. —The* soya bean (Glycine hispida) is 
indigeneous to China, Manchuria; ^aad Japan. It was 
practical^’ unknown in fhis country before 1908, or umtil 
the Russo-Japanese war. Since that time the use of oil and 
cake has spread phenomenally. 

Of late the demand has dropped, although the oil cake as 
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a cattle food is-a rival to linseed,and cotton cake. The oil 
belongs to the less active drying^-oil^, although with driers 
it gives a fair drying oil (Gjaninbr, Circular No. 69, Paint 
Manufacturers Assoc, of the U.S.A., Aug., 19^9). The low 
iodine value (130) with an insoluble bromide value, 7'8, 
show that its oxygen absorbing jjo.wer is 'small. The" oil is 
in demand in large quantities for edibl^f purposes, but its 
use in paints is limited. The beans ccvitain 18 per cent, 
oil, from which 10-13 per cent, can be extracted by either 
native methods, or by the Anglo-Ainwioan process. The 
emulsification of the oil with gluten or casein-like bodies in 
the beans is the basis of some patents for artificial milk 
(MelJmish, B.P. 24572 (1913), and Eng. Pat., 9626 (1915), 
also “B. A. Reports on Colloid Chem. and its Industrial 
Applications,” 1918, 106). The emulsifying power of the 
oil seems superior to that of other drying oils. 

Pararubber Seed Oil.—This oil, obtained, from Para 
rubber seed kernels, has been investigated recently at the 
Imperial Institute (Bulletin of the Imperial Institute, 1913, 
vol. xi. 551). It dries less quickly than linseed oil, but it 
would be a valuable substitute when linseed oil is high in 
price. For linoleum manufacture it is considered to be 
unsuitable. The usual constants of the oil are : sp. gr., 15°, 
0'925 ; acid value, i6'8 ; saponification value, ig2'i ; iodine 
value, 131-138. See also pp. 29, 30. 

Poppy-seed Oil.—The seeds of the opium poppy (Papaver 
somniferum) are grown in India, Russia, France, and Asia 
Minor, and contain 40-50 per cent, of an oil which when 
cold-drawn is almost colourless (white poppy-seed oil), and 
possesses a pleasant taste. The.cake is rich in nitrogen, 
and is highly prized as a cattle food. The oil is a fair drying 
oil and is used more in artists’ colours than in ordinary 
paints. The seeds a,re generally t^xpressed twice, the second 
pressing being carried, out hot and yielding an infepor oil 
whSgh is extensively used for soft soaps. The colourless oil 
is also used for adulteratmg olive oil. 

In describing the oil obtained from any seed or nut it 
must be remembered that the utilisation of the press cake 
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is a prime factor in the saccessful application of an oil. If 
the cake, is useless th*e development of the oil is retarded. 
It is for tljis reason that atteption has been drawn to the 
usefulness of^he press cake in the description of the several 
oils. Poppy-seed oil is said to contain 65 per cent, linolic 
acid,*5 per cent.'litiolenjc* acid, and 30 per cent, oleic acid 
(Hazura). The iodine value is 131-157. 

• China Wood .Oil (Tung Oil).-—The seeds of Aleurites 
cordata are contained in a pod or nut about the size of a 
small orange contaiSiing usually about three seeds. These 
seeds can ejisily be distinguished from those of linseed by 
their size. ^ ' 

The seeds are treated by crude native methods, and the 
yield is 40 per cent, from an oil content of 53 per cent. The 
cold-pressed oil is pale and is generally exported. The hot- 
pressed oil is dark in colour. The oil cake is poisonous 
and can be used only as a fertilizer. In China it is the custom 
to impregnate the wood of boats with the oil, hence the name 
China wood oil (Seeligman). 

Recently the cultivation of the tree has been undertaken 
in the Southern States of North America. In 1914, 40,000 
trees were in cultivation and the results were satisfactory. 
No doubt the trouble respecting the unsuitability of the 
cake as a cattle food will be overcome, and the application 
of modern methods of crushing and refining on the spot 
will enhance the importance of cultivation of Aleurites. 
In 1906 nearly 29,000 tons were exported from Hankow. 
The literature on tung oil is very extensive (“ Index to 
Patents, Technology and Bibliography of China Wood Oil,” 
A. H. Stevens and J. W. Armitage). Tung’oil has marked 
peculiarities differing from linseed oil in the following re¬ 
spects :—It dries in about two-thirds the time of linseed oil, 
giving a film which is white, dull, opaque, and crinkled. 
These ^fleets are much reduced in th» presence of “ driers,” 
but they'are e^ecially marked if drjdng be retarded in a 
gas-laden or foul atmosphere. The surface puckers or 
webs, and becomes matt with a finely radiating crj'Stalline 
appearance. 
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Often the film may become jiniformly opaque with a 
ground glass appearance which, K.’heli examined under the 
microscope, is seen to be similaf t6 the above. If tW drying 
is carried out at temperatures above 8o° C. the^ film is trans¬ 
parent and smooth. The change may be due to formation 
of a solid isomer ; such an isomcv_,is pwduced when 'wood 
oil is exposed to light. The crystallinej isomer is readily 
oxidized to a white solid i)eroxide (Mor,reU, Trans. Chew.. 
Soc., 1912, loi, 2082). Another peculiarity is the rapid 
gelatinization of the oil. \Idien heatt'd, to 288° C. for 
9 minutes, it sets to a hard trausi)arent jelly. 'Jihis property 
can be used for detection of impurities in the oil, because the 
addition of 12 per cent, of anotlicr oil, c.g. soya bean oil, 
will retard the gelatinization at that temperature. The 
change is due to polymerization which differs greatly in 
rate from that of linseed oil. 

Schumann [j. Ind. Eng. Chon., 1916, (J, 5) has put 
forward the view that a dii)olymeride is first formed which 
afterw'ards gels. He discusses the mode of preventing the 
coagulation, which is a most undesirable property although 
the rapid formation of the dipolymeride is of great importance 
and its proper control has been the subject of much investi¬ 
gation. Careful research is gradually overcoming the 
difficulties due to the rapid gelatinization. The durability 
of the treated tung oil is generally sui)erior to that of 
linseed oil, and when the defects of webbing and coagulation 
are overcome by the manufacturer he can produce a much 
improved protective coating, but skill and judgment are 
necessary in the treatment of the gil. Owing to the rapidity 
of coagulation it is ver)- diflicult .under ordinary conditions 
to incorporate' copal resins with' raw wood oil in a varnish 
mixing. 

It may be mentioned that the isomer of wood oil is the 
only crystalline drying 6il which has been isolated in^a pure 
condition (Morrell, loc. cit.). 

The foUowiug table shows a comparison of the constant 
of linseed and China wood oils :— 



BUYING OILS 


59 


Sp. gr. (15° C.) .. 

n 

D. acidit\^.. 

Sapomficaticyi value 
Iodine value ... 

Per cent incrcise in weight 
on exposure to air 


Linseed oil. 

•u 933 
'> 4 

197 « 

i «5 


Chinn ^^ood oil. 
0-^405 

1-5174 (12-5” C.) 
3‘3 
102 
U)S 

13 5 (S3 clays) 


; 6 (.SJ days) 

The importance of its metallic salts rvill be referred to 
under the theorics'of drying. Boiled with caustic alkalies, 
it yields soaps which are granular in comparison with 
ordinary soaps, since in the pure state the alkali salts of 
elaeostearic acid tCi8, 1132, O2), of which tung oil is the 
glyceride, arc' crystalline substances which arc sparingly 
soluble in water. Owing bo the small amount of impurity 
China wood oil lends itself readily to favourable investiga¬ 
tion, the only foreign component (with the exception of the 
dissolved solid isomer) known at jircsent is oleic acid to 
the amount of 10 per cent. (Fahrion states that 2-3 per 
cent, solid acids are present.) It gives no other insoluble 
bromide either as glyceride, or when transformed into the 
free acid. A solid tetrabromide of the same melting point 
has been obtained from the two forms of glycerides. 

Its peculiar drying properties must be connected with 
the orientation of the double linkages in the molecule, since 
it is isomeric with the glyceride of linolic acid (a much 
slower drying oil) which is present in poppy-seed oil to the 
extent of about 65 per cent. 

Linolic acid. 


CH3(CH2)4CH ; CH.CII.,.CII: CILCIDrCOOH 

(Goldsobel, J. Russ. Phys.*Chcni. Soc., 1906, jT, 182). 
Elaeostearic acid, » ^ 

CH3(CH2)3CH : CH[CH,]2.CH : CH.[CH 2 ],C 02 H 
(Majima, Bcr., 1909, ^3, 674; 1912, 415,^2730). 

If proper account be taken of th^ peculiarities of tung 
oil, resin "mixings containing it are superior in durabilityto 
those prepared with linseed oil, but the conditions require 
careful attention and neglect of them results in highly 
undesirable products. 
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Other oils rin use, in small quantities, for paints and 
varnishes are :— i ‘ , 

Walnut Oil. —A ver>' p^le dil used b}- artjsts, because 
paints made with it have a less tendency \o crack than 
those containing linseed oil. 

Japanese Wood Oil. —Obtaih^d from Paulownia'inipe- 
rialis; it is very similar to China wood loil, but gelatinizes 
less readily. , ^ ^ 

Candlenut Oil, Niger Oil, Sunflower Oil, and Hemp- 
seed Oil j)Osscss drying juoperties vitieieby they may be 
used in paints and varnishes, but their drying properties are 
inferior to those of linseed oil. Provided the price of linseed 
oil is not much higher than that of the five oils mentioned, 
the demand for them is very limited and the supply is much 
smaller. They are used chiefly for soap making, or for 
edible purposes. 

Among the animal drying oils menhaden, or fish oil, can 
be used as a drying oil. The production from Alosa 
menhaden (a fish resembling a herring) amounts to nearly 
half a million tons per annum, from the Atlantic coastline 
of North America. It is cheaper than the vegetable oils, 
and is used for adulterating paints or for leather cloth or 
oil tablecloths, in the United States. It is not popular in 
this country for paints and varnishes because of its odour 
and general inferiority to linseed oil. Toeh {]. Ind. Eng. 
Chem., 1911, j. 627) recommends a mixture of 75 per cent, 
fish oil and 25 per cent, linseed oil for outside paints, but 
generally its durability is inferior to linseed oil. It owes its 
drying powers essentially to the. presence of clupanodonic 
acid (whichgives an insoluble oct9bromide),but its chemical 
composition is not fully known. The oil content of Alosa 
menhaden is about 15 per cent. 

Resin oil and piite oil will be teferred to in the chapter on 
Resins. . • . ’ . . 

• Boiled, Blown, and Stand Oils (LithograpTiic Var- 
nishes). —Uinseed oil when heated to 220°-28o°C. for several 
hours in contact with the air is said to have its power of 
absorbing oxygen increased (Hurst and Heaton, “ Painters 
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Colours, Oils, and Varnishe!! ”). It is customary to add small 
quantities of metallic driefs w'liereby the resulting “boiled 
oil ” is essentially an oil containing a metallic catalyst. 

The oil m::^' be heated over a fire in large boilers holding 
100-600 gallo 3 is: the bojlers are made of wrought-irou 
plates of the form sliowit in Fig. 12, and the bottom, which 
is made separately, is riveted to the sides. The corroding 
action of the fire fe greatest on the bottom of the boilers, 
which are thus replaceable. They .should be set over furnaces 
with fireplaces oiftsade the boiling shed. A suitable cover 
should be fixtd on the jiot to allow the ingress of air and the 
removal of the irritating and acid fumes from the boiling’ 
oil. The oil in the pots (not more than two-thirds full) 
is carefully heated up to 280° C. Great caution must be 
exercised at first otherwise a 

the oil may boil over owing 
to the ])resence of water and 
of mucilage. After a time 
the oil “boils” quietly and 
is kept at 280° C. for not less 
than 2 hours. After it has 
been boiling for | hour a small 
quantity of driers is added 
from time to time. The time 

of boiling and the quantity of driers varies, but generally 5 lbs. 
per ton of oil and 5| hours heating are adequate. The cold 
clear oil is drawn off as boiled oil and the loots are used for 
putty or mixed into cheap paints. The oil darkens in colour 
during the boiling due tb the presence of decomposition 
products depending on flie temperature of. the operation 
and the nature and quantity of the driers used. Manganese 
dioxide produces a darker oil than litharge. Lead and 
manganese acetates, or manganese orjalaVe, produce the palest 
oils. Thj temperature of. the boiling process should be k^t 
as low as possible so as to prevent excessive darkening of 
the oil. The loss in weight of the oil is small, considerably 
under J per cent, even after boiling for 14 hours. The 
direct heatpig of linseed oil over a fire is being superseded by 
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a steam proce'ss. The oil is rfln yito a tank fitted with 
a closed steam coil and licWe^i for about 2 hours at a 
temperature of 203°-2o6° (i. ’ This preliminary treatment 
probably assists in coagulation of the mucilage and reduces 
the frothing of the oil at the next^stage of the process. , 

The hot oil is run into.a steant-jacketed boiler provided 
with a stirrer and an air inlet as in I^ig. 13. The oil is 
heated by the steam jacket and air'is ‘blown through 

it. The driers are introduced from time to time, and on 

* •> 

completion of the process the oil is run into settling tanks 
(Vincent, J. S. Arts, 1871). The oil-boiling p'lant supiilied 
by Messrs. .Rose, I town and Thompson 
is on the same general principle, 
differing in mechanical details. Dur¬ 
ing the boiling with driers it is evident 
that the incorporation of the driers 
jirovides a “ dri ing oil.” In the 
jireseiice of the air oxidation un¬ 
doubtedly occurs with improvement 
in the body and gloss of the oil. It 
must be ])ointed out that the peroxides 
of the more active components of 
linseed oil may cause oxidation and 
polymerization of the less unsaturated 
gli'cerides whereby thickening ensues. 
The small quantity of the driers assist 
in the production of the peroxides. 
The action of the driers is to shorten the slow initial oxida¬ 
tion as shown in the accompanyiifg diagram. 

Boiled oil is of a brown coloiir’of varying depth of shade. 
Its colour is characteri.stic and peculiar, different from that 
of linseed oil. The specific gravity varies between 0'933 
and 0'g52, dependilig ^rn the mode of manufacture : the 
dr^’ing time is ’likewise variable from 5-20 hours. It 
gives a hard lustrous surface which is liable to crack on 
exposure to air, and is therefore mi.xed with raw oil so as to 
obtain a more elastic coat. Exposure to light is stated by 
some to darken the oil although linseed oil is bleached under 



Jacket. Ij, Centre fur 
Vertical Shaft C, 
Agitators. D. Oil (in¬ 
let). J’', h'luc 1-, Air 
into Oil S. Vertical 
Shaft. T, Steam. 
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iAying oils 

similar circumstances.. The properties which the consumer 
requires k)r use in ])aiut ahd lor coating wood, masonry, and 
metal (generally iron) arc consistency, cleanness, drying 
power, and freedom from added foreign iinjiurities, c.g. rosin, 
rosin oil, mineral oil. and qther vegetable oils. 

It has been stated that boiled oil is essentially a linseed 
oil containing dricTs. and if this is strictly correct boiled oil 
might be jirodnceci by merely incorjioratmg driers with the 
oil, but genuine boiled oil ])0ssess bodj’ and gloss due to 
o-vidation and itolymerization produced in its mode of 
treatment. ' 


Hive Oil {in winter time) .. 
ialtif Linseed Oil (in wiiilei 
lime) 

Wood Oil (m wmiii 
time) 

Indian Liiisced Oil (m 
summer time) 

Za«t Indian Linsm d Oil, 
Ihickeiu-d, (32 

hours) (winter tiiiic) 
Polymerized Oil—Stand Oil 
(iuniincr) 

Boiled Oil (eontaimiig lead) 
(suniiiier) 

Boiled Oil {(oiilaiiiiiig'man- 
Hanesr and lead (sumiiicr) 
Double Boiled Oil (suiiiiikt) 
Linseed Oil-1-2% lead man- 
caiiest resinale (no he.il) 
(winter) .. 

Linseed Oil, blown at 100- 
140° C. {3 years old) 
(summer) .. 

Cold Blown Linseed Oil (Cal¬ 
cutta) Fb (summer) 

Cold Blown Linsietl Oil 
with 2% Mil resinate 
(winter) .. 

Blown at 130" C ditto, wuli 
2 % Mn resinate (winterl 
Linseed Oil healed to 280® (.. 
and 2% l‘b. Mn rcsmale 
added 


O.KYUKN. BY K'^W, BoILI:!). 

Oil ^ 

(Inrri'itsr in ) 

Bl owx. 

Wl) Pol.YllEIUZED 

0 () 7 '’h >n j d iV' 1 -',8" 

in 5 

1 i'l';,. in 

12 days 5 m 24 day 

1 . 1 1 

bU 


8j (mavmnini) 

1 J 7 i' 

,bi „ 

114b 

H .. 

159 .. • >6 y;, 

,. .. 

11 • 

day-. 

0 3fj 3 ? ■ - 


= „ 

8J ,, 10 i/h, in 32 day 

^ .■ 3 i M ^'1 

.. bl , 

') b ,, 

HJ .. 10 8";, 27 

14 8 „ 1 d.iy I) » 

M t! M 

125";, .. 

;8 

13-2 ,, ib hrs 14 f) 

10 4 lb „ li'2 

. 

12-8 .. 

23 .. 

141 M I M 175 

, 81 III'' 

(film dry) 


9'’;, „ li days 15 I 

.. 2i day 

13 7 "o 'n 

1) days 

2 2% ,, M 11 5" 

5 .. 

ib-? 

8 ,, (film dry) 

12-8 5 li>' 

,, 81 hrs 

I 7 ’i 

I day 17 0 111 IJ days 
(iilin ilry) 

1 1 5 ” ’ > ' 

• 


10 5 •. 

,, 17 b in li days 

(film drj) 

153 M ‘'1 

(r 

17 4 

Im dry) 

,, 17 4 5 days 


Cf. Andfe' 


Dryitjfi and Boiltd Oils.” loni. 


Frqpi the figures iu tlje table it will'be evident that the 
gain in w'eight and the rate of drying is increased if air is 
blown into the oil during the heating, whereas it has little 
influence ojr the cold oil. The gain in weight is dependent 
on many factors, viz. temperature and general atmospheric 
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conditions, and ‘is a balance betwaen the true gain and the 
loss in weight due to the escape»of wlat'ile oxidation products. 
The viscosit}- of the oil is ^increased during tjie blowing 
process and the unsaturated acids will harte undergone 
extensive oxidation to give glycerides from which acids can 
be obtained insoluble in light petrftlguin ff'ahrion has shown 
that the oxidized unsaturated acids are' insoluble in low 
boiling-point petroleum). With reference to,the durability 
of coatings produced from boiled oils there would ajtpear to 
be differences of 0])inion (Ingle and Wocfdn>.ansey, J. S. C.I., 
1918, jS, 103). If in the oxidation a high proportion of 
peroxide glycerides is left in the oil it is to be expected that 
the superoxidized oil of Reid {J. Soc. Arts, 1891, jp, 398) 
would predominate to the detriment of the durability, but 
if an oxide stage be attained durability would be expected. 
The oxidized oil produced by blowing with a high percentage 
of peroxides is decomposed by length}' expo.siire with the 
formation of liquid acidic compounds (Ingle and Wood- 
mansey, foe. cfh). The conditions of blowing oils must be 
carefully controlled because rapidity of surface drying is 
not the only requisite, but the linoxyn layer must extend 
throughout the mass of the oil, which would be attained on 
the assumption that the peroxide autocatalysf was reduced 
to the oxide stage A02+A=A0+0. (A is the oil 
glyceride.) 

Such oxides are most probably polymerized or they may 
undergo transformation into ketones of the formula 
[X—CH2—CO—Y], although there is as yet no definite 
experimental proof of such a change. The peroxides as 
such maj' undergo decompositi(}ir into resinified aldehydic 
glycerides and volatile products or be transformed into 
hydroxy ketones X—CO—CHOH—Y (Ingle, J. S. C. /., 1913, 
j2), but of this last change there' is no definite experimental 
confirmation. The ' vVew of the, polymerizatioij ef the 
products of oxidation tending to durability is supported by 
the fact that the permanency of polymerized oil is superior 
to that of an oxidized in a paint vehicle. 

Lithographic Varnishes and Stand Oil.— There 
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DRYING OILS 

would seem to be some coiiusion as to the exact meaning of 
the term ‘istand oil.” ^lufet alid Heaton ('“ Painters’ Colours 
and Varnishes ”) state that wheii linseed oil is maintained at a 
high temperaAire for some time in the presence of air, but 
without driers, it slowly j)oJymerizes, thickening to a viscous 
substance of the consistency of honey and consisting largely 
of linoxyn. Andes considers stand oil to be a linseed oil 
tliickeiicd by Ittat hr by superheated steam and a current 
of air. A. C. Wright (“Analysis of Oils,” 1003) states that 
it is identical vfitfl lithograjihic varnishes. Extremely 
thick stand Oil is called jirintcr's varnish in English; as a 
painter’s material this oil finds no application. P'rom a 
summary of the authorities it is advisable to consider 
stand oil as linseed oil polymerized by heat without driers 
. and without “ blowing ” (Oil and Colour Trades Journal, 
1913), (“Stand Oil ”). 

When linseed oil is heated out of contact with air poly¬ 
merization ensues with a rise in the molecular weight of 
the oil (Morrell, J. S. C. I., 1913, j 6 , 105). The following 
table illustrates the course of pol)-merization in lin.seed oil 
heated out of contact of air (de Waele). The oil (Baltic oil) 
was heated in an atmosphere of carbon dioxide at 250° C. 

R.iw oil 12 hrs. 56) his 77 hrs (solid). 

Sp. go I5'5° C. . . 09351 09.(23 09064 — 

Md.. 2.5° C. . i'4»o8 I 4S35 14930 i'4790 

Iodine Value . . 1966 I75'2 119S — 

Oxidized acicl<;- 078 029 0 5 3-24 

SaponificatKui Value . —■ —■ 1907 1S60 

Solid acids * .. . 5'25 7 03 — 48-8 

Iodine Value of solid acids 175 — — 86-4 

There was a notable indtease in the proportion of “ solid 
acids ” ; they were, howe/es, transparent and.of a gummy 
consistency. By boiling the solid product with amyl alcohol, 
de Waele obtained an extremely tough insoluble residue 
which had an iodine value of 94 and whs very resistant to 
the actidn «f alkalies. This observer befieveS it to be a closed 
chain compound and proposes for it the name of “ cyclolin.” 
(Lewkowitsch, “Oils, Fats and Waxes,” 5th ed., Vol. 3, 
P- 125.) . 

. • Fachini and Dorta’s acetone method. 


S. 


5 
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Morrell lias‘ found {loc. cit.) that linseed oil thickened 
at 260° C. for 28-60 hours contained 50 per cent, of an oil of 
high molecular weight insoluhle-in acetone. CAh examination 
of the two portions showed that, in addition to polymeriza¬ 
tion, there was strong indication of alteration in the position 
of the double linkages of the mixed glycerides of which the oil 
is composed. The most unsaturated acids are polymerized 
first. The polymerized glycerides on being transformed 
into the methyl-esters by sodium methylate yield mono- 
molecular esters of acids which are not identical with the 
normal acids in tlie oil glycerides. ) The drying power of 
the polymerized oil is much slower than that of linseed oil 
and the viscosity varies according to the conditions of 
heating. Leeds (J. S. C. /., 1894) gives the results of the 
examination of a number of lithographic varnishes. 

Oxif]izi’d 


Raw linseed oil 

S.G. at 15® C. 

S V. 

I V. 

acids. 

Ilfxaliromides 

0 9321 

194 8 

109 0 

03% 

24 17 % 

Tint varnish 

.. 0 9584 

I 97'5 

113 0 

I ‘5 A. 


Thin varnish 

0 9661 

I 9()'9 

lOO’O 

2 5 % 

2 0 

Middle varnish 

.. 09721 

197 5 

91 0 

4 2 

095 

Strong varnish 

.. 09741 

190 9 

86 0 

9 5 

Burnt thin varnish 

• • 9^75 

1955 

92 7 

0 85 

0 0 

(Burnt thin varnish is obtained by heating the oil 
and allowing it to burn quietly with constant stirring). 

to its flash point 


From the above figures it is evident that polymerization 
has occurred which may be expressed by the following 
scheme, roughly indicating the changes in the orientation of 
the linkages of the unsaturated carbon atoms. 

/A'li A'l, \ 

^A-iv = A'lv-yGlyceryl. 
^A’vi A'vi 

An and A'n = oleic acids 
Aiv and A'ly = linolic acids 
Avi and A'vi = hnolenic acids 

The incorporation of thickened linseed and other dils into 
varnishes and paints gives a coating of improved protective 
power against corrosion (M. Toch, J. S. C. I., 1915, j/, 592), 
and Friend has shown that polymerized oils in paints used 
on iron have the same property. The formation of ring 


yAn 

Glyceryd^Aiv -» Glvceryl 
\Avi 
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complexes consequent ,011 pol^unerization presumably retard 
the breaking down of peroxides or oxides of the glycerides 
on exposure? to atmospheric agonts. 

^ Theories of Driers. —The drying of oils is greatly 
accelerated by^ the j)reserve of small quantities of metals, 
metallic oxides, and salts, c.g. linseed oil which ordinarily 
takes 3 days to dry will dry in 5-8 hours in the presence of 
5 per cent, of ylissolved lead. Many' other metals show a 
similar accelerating ^action. Fokin (Scifen. Zcil., 821) 
places metals in tire order given in the list;— 

Co, Mn, Cr, Ni, Fe, Ft, Pd, Pb, Ca, Ba, Bi, Pig, U, Zn. • 

He states that the velocity of drying increases with the 
cube root of the concentration of the catalyst ; a statement 
which must be received with caution because drying is not 
solely oxidation. Lippert {Zcitsch. angew. Chon., i8g8, //, 
412), Weger (Chan. Rev. Fell. u. Harz. Ind., 1899, /, 301), and 
Kissling (Z. angew. Chon., 1891, 7, 3()5) showed that the 
“drying” was virtually a process of autoxidation and that 
linseed oil could absorb or combine with more than 
20 per cent, of its weight of oxygen. The term “ autoxi¬ 
dation ” is given to those processes of combustion in 
oxygen or air which take place at the ordinary temj)erature 
and proceed with a slow but measurable velocity. The 
reaction velocity of the oxidation of linseed oil was examined 
by Genthe (loc. cit.) who found that the increase of weight¬ 
time curve showed the sinuous character of an autocatalytic 
reaction (Figs. 14 and 15). P'rom the nature of this curve 
it must be assumed thai some intermediary product is 
formed which exerts a catalytic function on the oxidation 
of the oil. This intermediary is a peroxide (Engler and 
Weissberg, Chem. Zeit., 19P3, 2j, 1196). The formation 
of the intermediary is accelerated by •light (Genthe, loc. cit). 
An eqrfation correspondiilg with the curves obtained 
Genthe is of the following form :— 

dxjdt =K(« —x) (b -\-x) 

a and h zre, the initial concentrations of linseed oil and the 
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autocatalyst and x is the amount linseed oil oxidized; 
therefore a quantitative relatioi^ship must exists between 
the linseed oil oxidized and hhe autocatalyst generated. 

Mackey and Ingle (J. S. C. I., 1917, j6, 319) classify metals 
in the following order of descending powers of drying 
Co, Mil, Ce, Pb, Cr, Fe, U, Na, Ag, Zn, Hg, and Al. 


The method emploi'ed is novel: cottcjn wool soaked ia 



Fig. 14.—Oxygen Absorption of Oils. 

A. Linseed Oil 

B. „ ,, +i % Lead Resinate 1 

C. ,, +i % Manganese Oleate ! In the dark. 

B. ,, % Benzoyl Peroxide) 

F.' ", " PI™ Lead Oleate} daylight. 

G- .. Previously exposed to light from mercury lamp. 

linseed oil containing the metal to be classified was placed in 
a cloth oil-tester (J. S. C. I., 1896, 16, 40) and the time taken 
to attain a temperature of 200° C. was noted. The great rise 
in temperature during- the oxidation and drj-ing of an oil 
shows the importance of preventing the accumulition of 
oiled waste rag in a factory where vegetable oils are used. 
The usual method of testing of drying power is that of the 
craftsman who fixes the time when the film becomes satis¬ 
factorily dry to his finger, which condition is preceded by a 
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" dust i^-y ” period (Davidson, “ The Setting Value of Linseed 
Oil,” Pr(iC^ P. and F.’Soc^). ‘Rough though the method is, 
with a personal error of hah" an hour and a dependence on 
temperature ^nd atmospheric conditions, it is satisfactory 
for practical purposes in the hand of a skilled worker. The 
results in the gain*-in-w«ight trials on oxidation arc to be 
considered as deciding broadly between drying and semi-dry- 
ftig oils or beJ.weMi metal and metal as ” driers,” but in 
practice the rate of oxidation is not sufiicient to establish 
the superiority o^ afty metal. 



Fig. 15.—The Drying dt Linseed Oil (diffused daylight.) 

Manganese is considereif by Ingle to be less satisfactory 
than lead, although its oxidizing power is greater, and his 
opinion has much to recorpmend it from general practice. 
From the lists given above it is evident ,that a metal, which 
can form* more than on? oxide, acts as a drier or oxygen 
carrier when it is in an oil-soluble form, provided that the 
salts of the lower oxides are more stable than the salts of the 

• tn is a constant which is proportional to the initial concentration of 
the auto«cat^]yser present. 
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higher oxides. • It has been stated that the more oxides a 
metal can form the greater will^be'its catalytic, activity. 
The metallic driers are catal^ysts, and the term j.atalysis as 
defined by Henderson (“ Catalysis in Industrial Chemistry,” 
igig) is more generally used to designate those chemical 
changes of which the progress is modified by the presence 
of a foreign substance : the agent which produces the effect 
is called a catalyst. The theories advaiKed.to explain thfe 
mechanism of catah sts fall into two classes . {a) chemical 
and {h) jdiysical. ' ■< 

The chemical theories of drying depending on the forma¬ 
tion and deconi))Osition of unstable intermediate products are 
the most favoured, although the importance of the physical 
aspect is growing. On Bugler’s hypothesis of catalytic 
oxidation {Bcr., 1897, jo, 16C9), oxygen (actor) oxidizes 
the metal of the drier (inductor), which in turn oxidizes the 
oil (acceptor). In the description of the general properties 
of linseed oil it was pointed out that molecular oxygen was 
absorbed at the double linhages with the formation of 
peroxides. The peroxides are components of ” linoxyn,” 
the oxidized skin of the oil. It was j)ointed out that these 
peroxides may undergo transformation into oxides or yield 
ketones or hydroxyketones (Fahrion, loc. cit.) ; moreover, 
the molecule may be ruptured in the ])resence of Imdrolytic 
agents to yield acids and aldehydes (probably polymerized 
with aldol condensation) after the fashion of the decom¬ 
position of ozonides described by Harries and others. 


t.CH ,CH: CH—CH.Y + 0 , = X—CH,—CH: CIl.CHjY 


. XCHXO.CH.j.CHjY (Ketone) + O 

/7 \/ (to oxidize oil) A 

/ O 

C.CH,.CH: CH CH ,Y->XCH,—CHOH CO.C?LY (hydroxyketone: the hydroxy 
\/ I «. ketones lose water and form 

O.,, I . ' lactones and lactides (Green, 

V Aldehyde. Aldehyde. 1909. 4 ^> 3 */ 59 )' 

X.CH,.CHO-f OHC.CH.Y (Ingle, J. S. C. 1913,52,639). 


From the above it is evident that the peroxide will not be 
the final product of the oxidation of linseed oil, and from 
Genthe’s curve with its equation the intermediate peroxide 
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is only a stage in the drying process. From mi investigation 
of the acjipn of cerimli salts on Chinese wood oil (Morrell, 
J. Chem. \c., 1918, i/j, iii) it is evident that only half 
the amount c*f oxj-gen is taken up by the oil as woidd be 
exjiected from the number of double linkages and that it 
is only after long (?xposy.re to oxygen that cerium tungate 
. absorbs ati amount of oxygen corresponding to the ])eroxida- 
rton of all the do-4ble linkages. The acid isolated was a 
peroxide which slowly polymerized. 

XCH : CH.Z-CIf. 6r.Y f 02 =X.CH; CH-Z.CH.CH.Y 

O2 

-> X.CH.CH-Z.CH CH.Y 

I \/ 

I O., 

X.CH.CII-Z.CH.CH.Y 

\/ 

O2 

It is possible that cobalt and manganese may ])roduce 
superoxidized oil in whidi all the double linkages are attacked, 
and such a condition would not favour durability because 
of the possibility of degradation into simpler molecules. 

It must be again pointed out that the oxygen absorption 
is not the only measure of the drying qualities of an oil as 
instanced by the inferiority of drying of the etlnl esters of 
linseed oil or the free acids or the ethyl ester of ^-elaeostearic 
acid (from tung oil) (Morrell, J. Chem. Sue., 1912, loi, 2082) 
comjiared with their respective glycerides. The glyceryl 
radicle probably plays a part in the setting, oxidation 
■^|ie polymerization. To. return to the function of the 
aetal : the metallic elements act as oxygeii carriers or as 
useudocatalysers serving to stabilize or assist in the formation 
cif the autocatalytic peroxide, and very small amounts 
are able to produce the efrying of large quantities of oil. 
Many theories have beei^ put forward to exi)lain the action 
of the metal and much work has been done by many investi¬ 
gators, but none are entirely satisfactory owing to the 

Note.— ha.s been found that the percentage of linoxyn in an oil film 
is higher if the oil has been previously polymerized by heat.—(It. S. M.) 
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difficulty of investigating the products of the reaction. Ingle 
{J. S. C. /., 1917, J7,319), after r|vie*ingearlier wprk on the 
subject, holds the view that inffioiled oil litliarg^and linseed 
oil react to form glyceryl' j)lumbolinolenat^ and linolate 
(there is general agreement that the glyceryl radicle is unacted 
on in the drying process). * , ' ' 

CjHj( 0 L), + 2ri)0 = Pb 0 ,.CjHt 0 L + I>b( 0 L)„ 

. 0 . ■ ,0 ^ ,0 

LO.CjIl/ >Pb+0.=L0—CjIIj/ '';rb; ■ 

bQ/ ■ ''O 

LO. LO. yO 

>Pb+0,= ;'Pb( 

LO LO- 

yOs, yO CH— ,0. O—CH 

" LO C 3 H,/ )Pb( +11 LO C 3 H / >Pb + I I 

'O^ CH— ^ 0 / O—CH 

(oil) (oxidized oil) 

LO. yO Cn— LO, O—CII— 

^Pb)"^ + II >Pb+ I I 

LO' ''O CH— LO- O—CH — 

(oil) (oxidized oil) 

In the oxidation of cerium tungate (Morrell, loc. cit.) the 
process of oxidation of the salt was shown to be repre.sented 
by the scheme:— 

O—CHY 

2 CeX 3 -»Ce,OX 5 —>Ce.O(XO.),+oil-> 2 CeX 3 +I | (oxidized oil) 

O—CHY 

The cerous salt changes first to ceric salt which facilitates 
the formation of peroxides of the acid. 

The form in which the catalysts are used varies with the 
requirements, but finely divided metals (except iron) are 
veryi rarely used. (Livache, Compt. Rend., 1883, g6, 250 
and 102, 1169.) 

The metallic oxides and salts, especially of the diy.'j' 
oils, acids, and resinates, are generally employed. The uii ' 
important inorganic driers are litharge, red lead, and lea- 
borate or the oxides, borate or sulphate of manganesi;^^ 
Among the salts pf organic acids are the “ linoleates >rm 
of lead, cobalt, and- manganese, lead acetate and manganese®”’ 
oXalate. Iron in the free state or in Prussian blue is used! • 
in the patent leather industry. 

The physical theory of catalysis seeks to explain the 
phenomena as due to the condensation or increase in 
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concentration, of the reacting substances at Hhe surface of 
the cataly^, such incretsejn ooncentration being due to the 
action of ^illary forces (Henderson, “ Industrial Catalysis,” 
1919). This tfs]>ect has been neglected in the consideration 
of paint and varnish drying problems {British Association 
Repohs, l()2o). The inOiienee of surface phenomena is 
^ of great importance and the activity of the metallic driers 
i;» due partly ^to ohemical and physical causes. For a 
discussion of the rival theories reference may be made to 
Mellor’s “ Chemiotil (Statics and Dynamics ” ; and Lewis, “ A 
System of rjiysical Chemistry,” Vol. 1; also Iv. Rideal, 
“Catalysis in Theory and Practice," kjk).* It must be. 
remembered that substances of a colloid nature are under con¬ 
sideration in jiaints, varnishes, and oils, and the activity of 
metals in solutions containing colloids is more active than in 
aqueous solutions. If the surface tension to air of a lead 
drying oil is lower than that of the oil (there is reason to 
believe that this is so) the surface concentration of the 
lead wordd be increased. A more careful stud)’ of Livache’s 
method by drying in the presence of finely divided lead would 
establish a connection with the phenomena observed when 
unsaturated oils are reduced with hydrogen in the presence of 
metallic catalysts. It is for the chemist to decide from the 
examination of the products of oxidation the chemical 
changes w’hich have occurred. It would appear that the 
activity of driers is to be attributed to causes put for-w'ard 
'W both theories taken together. 

1 Methods of Testing the Commoner Drying Oils.— 
\ is impossible to go into, the details of the testing of the 
^moner drydng oils in this general review Of their proper- 
’fc. Reference must be made to the many text-books on 
t* subject. A few English publications may be mentioned. 
;■ Lewkowitsch, “Oils, F'lts, and^Waxes,” 5th edition. 
;»cmilian. . • • • 

Fryer and Weston, “ Oils, Fats, and Waxes.” Camb. 
Univ. Press. 1917. 

• Morrell, “Catalysis applied to the Oxidation of Oils,” JSC. I., 
1920, 3 g , 153-^ 
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Ingle, “ OSs, Resins, and Pajnts.” Griffin. 1915. 

A.C.Wright,“AnalysisofOils” CrosbyLockwpod. 1903. 

The most recent account aiid fullest in deta/ is given in 
Fryer and Weston’s work. Part 2, to which the reader must 
be referred. Only those methods which concern drj’ing oils 
will be indicated here. Usually it Is. advisable to determine :— 

(1) Specific gravity at 15'5 C. 

(2) Iodine value. * 

(3) Saponification value. 

{4) Acid value ' • 

(5) Insoluble bromide value of the oils qt their corre- 
• spending acids. 

(6) The drying times of the oil against a standard 
linseed oil. 

(1) Specific Gravity.— the exception of tung oil 
(o'94o), all the drying oils have a specific gravity between 
0-925 and 0-933. 

(2) lodtneValuc. —This is a valuable guide as to the nature 
of the oil as w'ill be evident from the following figures :— 

Penlla oil: 205-206. 

Linseed oil: 170-200. 

Tung oil: 160-170, distinctive odour; somcw'hat un¬ 
pleasant. 

Candlenut oil: 164, 

Hemp oil: 148, oil generally of a greenish colour 

Walnut oil: 140-150, characteristic odour of walnuts. 

Poppy oil: 130-140. 

Soya bean oil: 128-135, ^ slight distinctive odour and 
high content of saturated acids, ('.'3-15 percent.), (de Waele). 

Pararubber'seed oil: 138. , 

Sunflower oil: 125-133. 

Menhaden oil: 160-182, fishy odour. Fish oUs are 
especially recognized b,y the insolubility of their brominaied 
products in a misturt of acetic acid and carbon tetrachloride. 

• If the oil is a raw oil. adulteration with non-drying oils 
would be indicated by the iodine value, but a polymerized 
linseed oil would give values much lower, so that other tests 
are necessary. 
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DRYING OILS 

(3) Saponification Valuf. —This is generally 186-196. 

■A low sapQuificalioii vaAie wouM indicate adulteration with 
petroleum, rysiu oil, and even rosin. 

(4) Acid Vdlue. —This is for*niost oils, 0-2. Generally 
the acid value is a guide as to the grade of an oil and the 
care taken in its exti^ictioij * rolymerized oils have a higher 

^cidity and the presence of rosin raises the value con¬ 
siderably. , * 

(5) The Insoluble Bromide Value. —This is an important 

determination ofte« c^'erlooked because of the time rec^uired 
in carrj-ing it.out. The principle is the estimation of the 
ether-insoluble bromides obtained from the oil acids or • 
glycerides. From the values it is j)ossible to form a fair 
idea of the proportion of linseed or menhaden oil present in 
a mixture. Tung oil gives no ether insoluble bromides nor 
do the lithographic oils. Linseed oil gives 32-38 ))er cent. ; 
candlenut oil, ii'o; menhaden oil, 63-64. (Steele and 
Washburn, /. hid Eng. Chem., 1902, 52.) 

(6) Time of Drying. —The drying times of a lead- 
manganese drying oil against a similar drying oil made from 
linseed oil is a necessary test to be made. The nature of the 
film is of importance. 

The solidification test for tung oil (Browne’s test) is the 
quickest way of characterizing the oil, because the presence 
of 5-10 per cent, of foreign oils can be detected by its means. 
The principle of the method is the coagulation at 282° C. in 
12 minutes of a small quantity of the oil which, when solid 
at that temperature, will show a clean cut w’hen stabbed 
with a steel spatula. • 

It is advisable to test ois^lor added rosin br rosin in the 
form of resinates which improve the drying. It can be 
detected by the Liebermann-Storch Reaction (Fryer and 
Weston, Part 2, 222). A high acidity' would indicate free 
rosin added, otherwise the presence of rosin is due to metallic 
resinates w'Jiich can be detected by examination of the ashi 

For details as to Linseed Oil Standards reference must be 
made to : “ Some Technical Methods of Testing Linseed Oil, 


Analyst, 1912, 37. /(lo. 
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Bureau of Standards, Wasliingjton, U.S.A., 1916, page ii; 
“Reports of the American'Society* for Testin^Materials,’’- 
1915, 417-427. . _ / 

There are for each oil characteristic properties, for the details 
of which references must be made to the authorities (quoted. 
Sufficient has been given to decicfe.whether the oil is a genuine 
oil by its sp. gr. and saponification value: a genuine drying, oif 
can be recognized by the iodine value at.d drying time as vtell 
as the methods of detection of the common adulterants, e.g. 
rosin and petroleum. To prove the presence of foreign oils, 
which may be suspected, it will be sufficient to carr\' out the 
< six main classes of operations outlined and to apply from 
the information gained the characteristic tests given under 
the individual oils. The difficulty of estimating the thickened 
oils in a mixture, especially wood oil, has up to the present 
not been entirely overcome, although thickened oils are only 
partially soluble (50 per cent .) in acetone, and a very fair con¬ 
clusion can be drawn by that method of separation (Morrell, 
J. S. C. I., 1915, 74, 105). Tung oil may be detected in the 
absence of rosin, tuqjcntine, and oxidized oils, by giving a 
port wine colour with iodine monocliloride (Wijs’ method) due 
to the liberation of iodine consequent on the formation 
of HCl by the action ICl on the oil. 



Part III.—RESINS AND PITCHES 

Resins 

The resins are essentially of vegetable origin, being 
exudations of trees of many different genera and species. 
It is only recently that artificial resins derived from coal 
tar products, c.g. Bakelite, Cumarone, and Paraindene 
resins, have been used as substitutes, although for oil 
varnishes the natural resins are still preferred. 

Commercially the resins belong to the class of gums which 
are for the most part produced as exudations of trees. The 
gums, when iucorpoiatcd with liquids, form more or less 
viscous fluids w'hich on drying give films of varying protective 
character. They all show the properties of colloids, usually 
forming emulsoid solutions with water, oil or other media. 
vSome are completely soluble in water, others swell up to 
give jellies, whilst others are unacted on. The colloid 
properties of gums are in many respects similar to those of 
glue or gelatin, which is a typical colloid containing nitrogen, 
and is of animal origin. The “ resins ” can be readily 
distinguished from the true*' gums ” by the fpllow'ing simple 
methods:— 

(1) When a resin is held in a flame it takes fire and burns 
with a smoky flame giving off an aromatic odour. A gum 
similarly treated chars and smells of buriiT sugar. 

(2) A r«sin placed in water is unaltered] whereas a gum 
dissolves or forms a jelly. 

(3) When a resin is allowed to stand in methylated spirit 
or in turpentine it disintegrates and dissolves either partially 
or completely. A true gum is unacted on by these solvents. 

77 
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(“ Selected Reports from the Scietitific and Technical Depart¬ 
ment of the Imperial Institute,’/’ Part 3, Gums^nd Resins, 
No. 63, 1909.) , ' ^ / 

Although only the resins are the important ingredients 
of varnishes a passing reference .to several of the true-gums 
is advisable. 

Gum Arabic is obtained from varieties of acacia and* is* 
known in the trade under many forms, c.^.'Turkey, White, 
Sennar, Kurachee, Mogador, Wattle, and Senegal. These 
forms are all more or less soluble in water and swell up in 
that medium. They are insoluble in alcohol 5 nd on boiling 
with dilute sulphuric acid give a sugar (pentose or hexose), 
thus showing their carbohydrate nature. The best qualities 
are used for pharmaceutical, confectionery, and other 
purposes, whilst the commoner qualities are in demand in 
textile industries, as a binding material for artists’ water¬ 
colours and for mucilages. 

Gum Tragacanth is obtained from various species of 
Astragalus, indigenous to Greece, Asia Minor, Syria, and 
Persia. The gum flows freely from the stems when they are 
wounded. It is softer than acacia and cherry gums. Like 
gum arabic it gives a viscous fluid with water and is hydro¬ 
lysed by dilute sulphuric acid to yield sugars. It is used 
as a thickener in calico printing and as a vehicle in many 
pharmaceutical preparations. 

Reference must be made to the Balsams which are 
solutions or enutlsions of resins in oil esters, e.g. esters of 
cinnamic or benzoic acids. The well-known Canada balsam 
contains 18 per cent, of oil eSters, and Copaiva balsam 
contains as much as 60 per cent- oil esters. Other important 
balsams are Peru balsam and Mecca balsam. The balsams 
may be thick or thin fluids possessing usually a characteristic 
odour. 

The Resins are exudations of trees (the vegetable origin 
of lac is disputed). The majority are used in varnish making. 
About five-sevenths of the total imports of varnish gums or 
resins into the United Kingdom are obtained from Imperial 
sources. In 1908 the imports into the United Kingdom were 
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valued at £2,603,535; they included shellac? from India, 
kauri frots.New Zealand, -'opdl from British West Africa, 
animi from iVnzibar, and damriiar and copal from vSingapore. 
Most of the Zanzibar animi is collected in German East 
Afric^i^and a large part of thq Singapore copal comes from the 
Dutch East India possessions. The resins are more or less 
■ 4 iafd (elemi is soft), friable or brittle, transjiarent or lustrous. 

* The}' arc ins«lubli in water ; some are soluble in alcohol, 
ether, or benzol; others require strong fusion before they 
can be incorporated with solvents used in varni.sh making. 
The researches of Tschirch and his pupils have thrown light 
on the composition of the resins, but a fuller investigation 
is necessary and a careful comparison of the components 
and of the decomposition products is very desirable. Gener¬ 
ally the resins contain acids (“ Resinolic Acids,” Tschirch), 
c g. rosin (colophony) contains abietic acid, amber contains 
succinoabietic acid from which succinic acid can be isolated ; 
dammar yields dammarolic acid Cj^HgoOg ; Zanzibar copal 
contains trachylolic acid CsgllggOg. Some acids are mono¬ 
basic, others dibasic. 

An important component aie the rescues (Tschirch), 
which are oxygenated bodies, neither alcohols, esters, nor 
aldehydes. They are insoluble in alkalies and their inertness 
renders their presence in resins of great importance for 
varnish making. It has been suggested that the resene 
content is of value in estimating the quality of a varnish 
gum. 

Elemi contains elemic acid C36H45O4, and amyrin resene 

C26H42O. » 

Dammar contains dafapiarolic acid CjgHgoOg, and 
a-resene C11H17O, ^-resene C31H52O. 

Mastic contains an acid C20H32O2, and masticin resene 
C20H32O. '• 

Lac tonfains an acid, aJeuritinic acid '(G13H26O4), and a 
resene. 

From the resin esters (resines), resin alcohols (resinols 
and resinotannols) have been isolated by Tschirch and his 
collaboratoi^. 
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Amber codtains a succinoresfnol C)2H2oO.: m.p. 275° C. 

Pine resin contains a pino/esinol CioHigOe : m#. 80-90° C. 

Elemi contains a and j 3 -anlyrin C30H49OH. / 

Eac contains resinotannol ester of aleuritinic acid C j 3H26O4. 

SmiiatrabenzoincoiitainssuniaresinotannolCigHi9Q3(OH) 
(which yields picric acid with nitric acid and pyrocatechuic 
acid on alkali fusion). . '• 

From Tschirch’s investigation it is evident that the resins 
contain resinolic acids, resin esters, and resenes. 

The most important charactcristfcs ‘of the resins are 
colour, hardness, lustre, and s])ecific gravity. • Some resins, 

' c.g. mastic, occur in droplike pieces as the resin flows from 
the tree, others in short cylindrical pieces agglomerated 
together as in sandarac, and yet others in large irregular¬ 
shaped masses as copal gums. Lac may appear in stick 
form from the twig on which it has been produced by the lac 
insect. ■ In the trade the resins often ajrpear in artificial 
forms due to previous treatment in the country of the 
source, e.g. shellac in thin plates, dragon's blood in sticks. 
The surface of a resin is often characteristic. Weathering 
of the surface produces a goose skin appearance as .shown in 
Zanzibar copal. 

According to Wiesner (“ Die Rohstoffe des Pflanzen- 
reiches”) not one of the resins from plants is a chemical 
individual but a comiilex mixture. Mastic, sandarac, and 
dammar appear to be homogeneous : crystals are sometimes 
found in a matrix of resin as in elemi and Fichtenharz. The 
fracture of the gums is characteristic and conchoidal, some¬ 
times lustrous or dull, e.g. Zaniiibar copal shows dull and 
lustrous altefnations. Benzoiij,‘yellow accroides and others 
show almond structure with agglomerates of coarsely 
rounded masses. 

The colour is very varied from colourless to the red 
of dragon’s blood,'the yellow of gamboge, and the'olack of 
so'me varieties of rosin (colophonium). Generally the colour 
is yellow to bro^vn. The lustre is vitreous, but it may be 
waxy as in the so-called almonds of benzoin. Some copals 
are entirely lustreless. 
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The most important charp.cteristics are hardifess, fusibility, 
and solubility in solvenft;. • 

/farifnsss'^According to Wiesner {loc. cit.) the hardness 
of the copal resins lies between gypsum and rocksalt; only 
the best copals are harder than rocksalt and a few, c.g. elemi, 
are so’ soft that thc^ can, lie worked in the fingers. The 
5Dl,ter varieties have low melting points; vSiam benzoin 
melts at 75° C., ;^•hil.Jt the hardest copals (Zanzibar) do not 
melt below 360° C. Generally the less fusible gums give 
the hardest coatings.* Shellac gives a hard coherent layer 
whilst the fusijDlc colophonium is easily rubbed up by the 
huger. In hardness and fusibility there is a wide range. 

The solubility is important in deciding the uses of the 
resin : some resins are readily soluble in methylated spirit 
and are used for spirit varnishes, viz. shellac, sandarac, 
colophonium, and the softer varieties of copals. Others 
such as dammar and mastic are soluble in turpentine. 
Ether, benzol, and acetone are solvents for a number of resins. 
Copals are generally insoluble in vegetable oils until they are 
fused, but they will dissolve easily in the acids obtained from 
drying oils and in the drying oils themselves after the resins 
have been “ run.” In petroleum ether they are insoluble 
or sparingly soluble. (Compare Table of Solubilities, p. 87.) 

The Formation of Resins in the Plant.— The resin 
secretion cells of a plant may be stimulated by wounding 
to give a flow ; even if the plants show no such secretion 
cells normally, these cells can be generated, as in liquidambar, 
styrax and benzoin, by destroying the new wood, whereby 
the flow of balsam can be continued for years if the wound 
is enlarged from time to time* , (Tschirch, “ Harze u. Harzbe- 
halter”; Wiesner, “Die Rohstoffe des Pfanzenreiches"; 
Livache and McIntosh, “ The Manufacture of Varnishes,” 
Vols. 2 and 3 ; Dieterich, “ Ailalyse der,Harze.”) 

Tschijch favours the viejv that lac is a Seoretion from the ’■ 
lac insect an& not a direct exudation of a tree caused by the 
insect. It is evident that the production of resins is akin to 
that of the rubber latex referred to in Part I. of this volume. 
It is chiefly in connection w’ith the oleoresin from species 
S, . 6 
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of pine that the production of resin has been systematically 
studied. The output of turpentine resin is larg^ compared 
with other resins. Man}- forms of copal are of'fossil origin, 
whilst the softer copals frdm living trees Eire collected by 
aborigines, and little attention is paid to improving the 
yield or extending the cultivation of the parent tree. 

Classification of the Resins.—In view of the com¬ 
plexity of chemical composition of the resins and in spite of 
the investigations of Tschirch and his pupils, it is difficult 
to classify them so that differences in chemical composition 
will go hand in hand with their properties, which are of 
' industrial importance. Dieterich proposes the following 
classification :— 

(1) Resins which are esters of the aromatic series, either 
containing free acids or not, c g. benzoin, dragon’s blood, 
accroides. These resins are soluble in methylated spirit. 

(2) Resins which are esters of special resin acids with or 
without free resin acids; turpentine oleoresin, mastic, 
elemi. These are soluble or partly soluble in methylated 
spirit or soluble in organic solvents. 

(3) Resins which are free acids containing resenes, 
e.g. copals, dammar, sandarac, and colophonium. 

For practical purposes the scheme adopted in Hurst’s 
text-book (2nd edition) is more useful, viz. :— 

(a) Oil varnish resins, (i) spirit varnish resins, (c) resins 
soluble in special organic solvents. 

Unfortunately there is considerable overlapping in this 
simple classification. In the first class appear the copals, 
which are recent or fossil resins produced in prehistoric 
forests or dug from the soil in what is still a forest region. 

The changes which have occurred in the secreted or 
exuded gums are not understood. Undoubtedly there has 
been a reduction in acidity: with polymerization, or coagula¬ 
tion, oxidation has occurred (the resenes are inactiv-e oxides), 
but moreover with such a mixture of components in a colloid 
complex it is unwise to speculate. The recent copals, 
including manUa, pontianak, etc., are not in demand by the 
makers of high-class oil varnishes, but their softer varieties 
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are soluble in methylatea spirit. Rosin (cotoplionium) is 
often a c<vnponent of •cheap eh varnishes when rosin is 
cheaper than copal, and espe.'ially in varnishes containing 
China wood oil. In the class fjf oil varnish resins amber 
must be mentioned, although it is no longer used because 
of its price. Tschirth an,d* de Jong [Arch. Pharm., 1915, 

2C)o) state that the main component of amber (succinite) 
is’succiuoresene^ which is the cause of its resistance to the 
action of reagents. Amber contains two acids, succinoxy- 
abietic acid succinoabietic acid 

CsoHjgCOOH.. 

The second class includes the methylated spirit soluble • 
resins, lac, sandarac, mastic, manila copals, rosin, and 
aecroides. These are used for coatings, giving lustrous 
films of rather a brittle character and slight durability for 
outside wear. Lac is undoubtedly the most valuable of 
its class, although mastic is prized as a picture varnish 
(“ megilp ”) when dissolved in a suitable solvent. 

The third class included many of the .second in addition 
to dammar and the oil varnish resins which have been 
fused or “ run.” The solvents emplo5 cd may be turpentine, 
benzol, acetone, or coal-tar naphtha. The above classifica¬ 
tion is only fairly satisfactory, but it is impossible to adopt 
a scheme based on differences in chemical composition when 
in practice differences of physical properties are of greater 
importance. In the short summary of the properties of 
resins the special characteristics of a few typical members 
of each class will be given. 

(a) Oil Varnish Resins; Copals.—These are essentially 
fossil, recent fossil, and rec»nt resins. Some "resins classed 
as copals are now a yearly crop and are used in oil varnishes. 
At present the bulk of the copal used for oil varnishes in 
this country is of fossil origin* obtained from Central Africa 
(Congo), Zanzibar (Animi), West Africa (Angola), Manila and 
the East Indies and New Zealand (Kauri). The supplies cTf 
fossil copals are limited and sooner or later the softer copals 
obtained from living trees will have to be utilized. It is 
stated that the supply of kauri copal will last for forty years 
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at the present rate of output (U.S. “Comujerce Report,” 
No. 281,1915). The resin i« fossil from Dammat;a australis 
(a species of New Zealand pine). The gum o)itained from 
living trees is known as yodng kauri and is softer and almost 
colourless. Young trees, when tapped, yield the resin, and it is 
not uncommon to find deposits pf resin in old trees'! For 
fresh sources of copals it is probable that the belt of country, 
extending from Madagascar to Sierra* Leo,ne and possibly 
the Gambia will be the most promising. The fossil East 
African copals (Zanzibar, Madagascar; Mozambique, Lindi) 
are highly prized. The Zanzibar animi copal, with its 
' peculiar “goose skin” appearance, occurs in various sized 
pieces but not in large masses like kauri and other gums. 
It cannot be scratched by the finger nail: its melting point 
is 240“-250° C., and its “ running ” temperature is much 
higher. Bottler found the melting point of some samples 
as high as 340"-gbo'’ C. (chapter on “Varnish Making”). 
The East African fossil gums are derived from a species 
of trachylobium occurring in Madagascar, in German 
and Portuguese East Africa, and probably in British East 
Africa. The West African copals (Red Angola and Congo), 
are probably derived from Copaifera mopane, which 
occurs in the great forests along the Zambesi valley. In 
Southern Nigeria, the Gold Coast, and Ashanti, Daniella 
oUonga is the source, and in Sierra Leone and French 
Guinea Copaifera guibourtmna. Unfortunately the forests 
have been much depleted by wasteful tapping. All the 
copal obtained from British West Africa comes from living 
trees and is not a fossil resin, r In Sierra Leone the trees 
are tapped ofl a definite system which consists in cutting 
out portions of the bark about 2 to 3 inches square at intervals 
of about 9 inches on the surface of the stem and larger 
branches of the tree. The process resembles tapping for 
rubber or turpentinjc resin, but )t is more difficult; because 
rubber latex is secreted in lactiferous cells lying near the 
surface, while the resins are secreted either La isolated vesicles 
in the bark or in resin ducts lying in the bark or sap wood; 
moreover, the trees do not show such a “wound response” 
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as in the case of the Para^rubber tree, whicn gives a large 
increase of'latex on sec'ond,^ taj^ping. Restrictions are now 
placed on unsystematic tapping and the Colonial Govern¬ 
ments are endeavouring to increase the production of copal 
by planting trees and improving the yield of the resin (T. 
H. Henry, “Some Colcmial and Indian Resins,” Proc. 
^aint and Varnish Soc., 1913). 

The Manila aopals are derived from Agaihis loranthifolia 
and appear on the market as Manila, Borneo, Macassar, and 
Pontianak copals? The trees are tapped by a method 
resembling the “ box ” system used for turpentine resin 
in the United States. In Manila long strips of bark are cut 
from the trees and the exuded resin is collected as soon as 
the latter has dried hard: the same method is used in the 
collection of dammar gum. The softer varieties of Manila 
copals are soluble in methylated spirit, while the hard 
varieties are used by some varnish makers, although they 
have not the popularity of the African copals and the 
New Zealand kauri. The Brazilian copals are not in great 
demand because of their softness. 

The copal resins are graded according to hardness, colour, 
fusibility, ash content, acidity, and loss of weight on 
“ running.” The following scale of hardness has been 
suggested by Bottler who takes, as standard, Zanzibar 
copal. 

Zanzibar copal, Mozambique, Rindi, Red Angola, Pebble, 
Sierra Reone, Yellow Benguela, White Benguela, Cameroon, 
Congo, Manila, White Angola, Kauri, Sierra Reone (new), 
Hymenea [S. America, Brazil, Demerara, from the locust 
tree]. These copals are in drder of descending jjardness. 

In lustre and colour the copals are vitreous, transparent, 
dull, colourless to yellow, reddish yellow and black. A 
vitreous gum is preferred to a*dull cloudy fesin. In fusibility 
the hardest fopals have theJiighest meltifi^ points. Zanzibar 
melts at 240°-250° C.: West African copals melt at 120*- 
180“ C.; Sierra Reone, I25°-I37°C.; Manila and Kauri, 
II5°-I40° C.; Hymenea copal (fossil), i8o°-200° C., but the 
softer varieties melt below 115° C. The fusibility depends 
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essentially on the age, the new varieties fusing at lower 
temperatures. In view of 'the, coAiplexity of composition 
no fixed tbmp^rature can be as?iigned to any varjety. It must 
be pointed out that the resins first soften and then slowly 
liquefy and the running temperature is the point when 
suitable fluidity is attained which may''or may not coincide 
with the melting point. For each gum there is a temperature 
below which it cannot be incorporated with linseed oil. 

A similar case might be quoted in the melting of sulphur 
as regards the necessary fluidity. 'Geherally the softer 
copals are easier to work in every sense of the, term. 

Acidity.—This is a number of considerable importance in 
the evaluation of copals. If a resin mixing is considered from 
the standpoint of a colloid the acidity factor must not be 
neglected. The acidity of a “ run " gum is not the same as 
that of the native copal: usually it is reduced to half its 
original value. A high percentage of esters is indicated 
by high saponification value (see Table of Constants of 
Resins). 


Constants of Resins. 



Specific 

pravity. 

Melting paint. 

Acid 

v.iluc. 

Sdpanifi- 

cation 

value. 

Iodine 

value. 

Softens. 

Fuses 

Kauri, brown 

T053 

90° c. 

185“ c. 

93-0 


iiQ-5 

,, fused 

— 

— 

— 

6^0 

— 

_ 

Manila, hard 

1065 

8o» 

190° c. 

72 8 

227 I 

90-6 

,, soft 

i'o6o 

45° 

120® C. 

I45'2 

— 

_ 

Dammar, Batavian 

1-031 


loo” C. 

(20-35) 

47-0 

63-6 

Mastic 

1-057 

— 

95° C, 

50-70 

79-1 

64-4 

JRosin 

I 07 

80® C 

* 100® C. 

145-185 

168 2 

II 2-0 

Copal, Zanzibar • .. 

1-058 

— 

0 360° c. 

60-65 

92-4 

— 

,, „ 'fused 

— 

— ’ 

— 

6i-o 

37'0 

126-8 

„ Sierra Leone(A) 

1-0645 

— 

195° C. 

— 

84-6 

— 

. (b: 

I-066 

— 

200® C. 

— 

130-0 

— 

„ Red Angola .. 

i-o66 

90® 

M5°-3I5°C. 

129-0 

132-0 

63*0 

,, Benguela 


65° 

I40®-!60® 

134-0 

146-0 

60-5 

,, Brazil 

n °'53 

50* 

100® 

112-0 

151-0 

59-0 

amber 

i-o 8 o 

— 

28j»-3I5° 

15-35 

87-0 

62-1 

* ,, sandarac 

1-073 

— 

145° 

95-160 

174-0 

160-0 

„ shellac ..| 

rii3*l 
1-214 / 

— 

— 

63-0 

203-0 

8-24 

'' „ * turpentine 







(oleo resin) 

0-856 

— 

130“ C. 

69-8 

— 

143-6 
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Action of ^tilvents on Resins. 


Percenta^s of insoluble matter (Coftignier, "Manuel du fabricant de 
verms, gomt. es, resines”). 



Tiirpon- 
1 me. 

Alcohol 

Eth.r 

B( iizol. 

Petrol ether. 

Zanzibar copal 

• 

100 0 

t 

9 

7 .S 

88 0 

InsoI. 

iJin^nfiuela 

690 

195 

43 7 

(>5 6 

,, or almost insol. 

Kauri 

: 7'5 

70 

62 0 

07 0 


Red Angola ,, ♦ 

77 0 

71 0 

88 0 

70 0 


Congo 

0 

25 0 

48 0 

60 0 


Pontianak 

66 0 

sol 

46 0 

63 0 


Sierra Leone ,, 

7 fo 

()2 0 

48 0 

570 


Manila, hard ,, 

73 

56 0 

.sS ,5 

64 0 


„ soft • 

O4 0 

sol 

28 7 

5,s 0 


Brazilian ,, 

4.S 0 

T<S 0 

30 0 

4 f* 5 

.. ,, 

Dammar 

S,oI 

29 0 

4 0 

sol. 

Soluble 

Mastic 

sol. 

0 

sol. 


Almost insoluble. 

Sandarac 

74 

sol. 

.. 

O7 0 

Partly 

Shellac 

iiisol 

sol 

inso! 1 

almost 

insoluble 

) „ „ 

Rosin 

sol. 


sol. 

sol. 

Partially soluble. 

Elemi 





Soluble 

Benzoin 

part sol 

,, 

part sol. 

insol. 

I’art soluble. 

Madagascar copal . 

60 0 

74-0 

65 0 

78 0 

Insoluble. 

„ „ fused 

4-0 

92 0 

52 0 

I 5 

Partly soluble. 

,, after naphtha- 






lenc treatment 

52‘0 

75 0 

20'0 

40 0 

.. 


The ash content ought to be very low. A West African 
copal may contain 0-2'2 per cent., depending on the grading. 

The loss in weight on “ running ” is given as more or 
less 25 per cent., but it cannot be relied on, because it is 
entirely dependent on the process employed. Some state 
that the desired conditions of incorporation with linseed oil 
can be effected without loss in weight (H. Terrisse and 
Indestructible Paint Co., 5 . C. I., 190-I, 2j, 582, and 
1908, 27, 457). The proct^ is essentially i depolymeriza¬ 
tion, but the complexity of the gums must admit of partial 
decomposition of component acids, with the liberation of 
liquid hydrocarbons (copal bil) and the*formatiou of acidic 
anhydrides and lactones., 

Spirit Varnish Resins 

The second class of resins includes dammar, mastic, and 
sandarac. 
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Dammar.*— This resin is a typical exudation'from Dawuwa?- 
orientalis, indigenous to Dutch East Indies apd British 
Malaya, It comes into the market in the forrp of nodules, 
clear and pale in colour. Dammar is decidedly softer than 
the majoiity of the copals, but harder than rosin. It dries 
with a “ tack,” and as a spirit varnish it gives a friable coat 
which can be easily rubbed up as a powder. Black damruai- 
is an Indian resin, ' 

Mastic.—This resin is the most important European form 
known with the exception of colopheninm. It occurs in 
the Mediterranean littoral, being obtained from Pistachia 
, lentiscus. Much conies from Greece either as cake, large or 
small mastic. The Pistachia has a marked wound response, 
so that under good conditions a tree may yield 8-10 lbs. per 
annum. Mastic is used as jiicture varnish, and with boiled 
linseed oil forms “ megilp,” the well-known artists’ medium. 

Sandarac is a North African resin exudation from the 
Alerce tree, indigenous to North Africa. It is a compara¬ 
tively hard resin and is used to impart tliis property to 
mixtures with other resins. It is an ingredient of negative 
varnishes, label varnishes, and bookbinders’ varnishes. It 
is soluble in methylated spirit and in ether, but only partially 
soluble in turpentine, petroleum, and benzol. 

Lac. —^The most important spirit soluble resin is Lac, 
considered by most investigators to be the secretion of the 
lac insect (Tachardia lacca) which is found on a number of 
species of Indian trees, c.g. acacia, ficus, mimosa, etc. 
The larvae of the insect puncture the bark and feed on the 
sap. The lac excreted graduaHy imbeds the insects, but 
respiration is •maintained through passages which contain 
wax penetrating the resin. The females, after fertilization, 
secrete a red fluid, the lac dye, and die on the appearance 
of new larvae. The insects do-not move from that part-of 
the tree on which they first swarm. The production of the 
lac continues until the tree dies. Recently artificial propaga¬ 
tion of the insect has been resorted to, so as to be inde¬ 
pendent of casual distribution by birds or other insects. The 
province of Bengal is the most important source of lac, 
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but it is pro(^nced in Ceylon, Burmah, Russia* with smaller 
Malay Arahipelago. • , > ^ Greece. Russia 

Lac has several forms in wiiich it comes on i.juut largely, 

(i) Stick lac, (2) Seed lac, *(3) Shellac, (4) BuVmerican 
(5) Garnet lac. is as 

(1) Stick lac is the cru^le product direct from the treens). 
4]je form of short pieces of twigs encrusted with lac. 

• (2) Seed lac^s obiained by breaking the twigs and remov¬ 
ing the wood followed by treatment of the broken lac with 
warm water whk'h*extracts the lac dye; this may be 
recovered froiji the solution by evaporation. 

(3) Shellac is obtained from seed lac by fusion and* 
straining the melted lac through cloth bags. The molten 
lac is spread over the surface of a metal or i)orcelain cylinder 
and detached with a knife when solid. Orange shellac is 
sold in the form of flakes and is the best quality. 

(4) Button lac is shellac in large round flat pieces of a 
dark ruby colour. 

(5) Garnet lac is a variety wiiich has been deprived to a 
very large extent of “ wax ” and appears in the form of 
thick flat pieces. 

The native methods of treatment are very crude and 
have been replaced by modern methods in several of the 
Indian factories. The uses of shellac are given in the chapter 
on spirit varnishes. 

Stick lac contains 66 per cent, resin, 6 per cent, wax, 
6 per cent, gluten, and ii per cent, colouring matter. Lac 
is soluble in methylated spirit, giving a turbid solution due 
to insoluble wax. It is ijisoluble in petroleum spirit but 
partially soluble in ether, •cliloroform, and turpentine {mde 
Constants and Solnbilities, p. 87). 

Shellac always contains rosin; which is added in the manu- 
faeture to lower the fusion temperature «f the lac ; orange 
shellac •usually contains 1-2 per cent?, garnet and button 
lac from 10-20 per cent. Increasing amounts of rosin render 
the shellac coating friable and powdery. Comparison of 
the iodine values of shellac and rosin (see Constants) indicates 
a method for estimation of the added rosin. 
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Dammar.'— lhisr,|ie(j ^ metal surface, gives a 

orientalis, indigggi; which, indoc^rs, Is a very vakiable pro- 
Malaya. IJiifg jji a damp atmosphere it disintegrates and 
clear and^ fQj- outdoor work! The film becomes rough and 
the lufj-y does not regain its form on drying. As a 
witJd priming undercoating on wood ‘under varnish it is 
satisfactory, especially if the woodwork contains knots, 
it is stated to be inadvisable to prime knots with shellac 
previous to the application of paint (Gardner, “ Paint 
Researches,” iQi7, p. 347). Its electrif insulating properties 
are high. Shellac is soluble in alkalies, alkaluie carbonates, 
'and borax. This property is utilized for the preparation 
of shellac water varnishes and to produce a bleached shellac 
soluble or partially soluble in alcohol. 

Weak alkaline solvents remove the colouring matter from 
the crude shellac. It is remelted and pulled out in warm 
water. To bleach the shellac it may be dissolved in alkalies 
and chlorine passed in. The precipitated lac is collected, 
melted under water, and, when soft, is pulled so as to give 
it a fibrous satinlike appearance. The bleached shellac 
has to be kept under water to prevent it losing its solubility 
in spirit, and even under these conditions it gradually 
deteriorates. The spirit soluble form is a component of 
the so-called colourless lacquers. Bleached shellac is rarely 
completely soluble in methylated spirit. A lac water varnish 
is a water solution of shellac or bleached shellac in borax ; 
it makes a good waterproof paper varnish. 

Turpentine, Rosin, and Rosin Oil.— There is frequent 
misunderstanding in the nomenclature of the products of 
the resinous _exudations of the, Varieties of Pinus. Turpen¬ 
tine was the name given originally to the exudations which 
are semifluid and in their raw state appear in the market 
under such names £fS yenice Tu^ientine or Strasburg Turpen¬ 
tine. On distillation' of the oleore,sin, turpentine^oU f ‘ spirits 
oi' turpentine ”) is obtained. The non-volatile product 
is rosin (colophony, colophonium), which on dry distillation 
furnishes a volatile rosin oil and a residue of rosin pitch. 
The turpentine used in Europe is practically all obtained 
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from the United States, f ranee, and Russia* with smaller 
quantitie»froni Spain, ?ort^ga>, Algeria, and Greece, Russia 
is the only country which c!in increase its output largely, 
although Russian Turps is less*popular than the American 
variety for reasons stated below. Central America is as 
yet an undeveloped are^ (Mexico and British Honduras). 

-Within the British limpire, Honduras and India possess 
pines which yield a flowing oleoresin, but in India the 
industry has been developed only for the home market. 
The yield of crude fesin (gum thus) varies with the species 
of Pinus. Iij America incisions are made in the trees in 
winter and in March the sap begins to flowc The resin i? 
collected in suitable boxes attached to the trees. After 
four years’ tapping the trees are felled and used for lumber. 
The system has to be as carefully controlled as in the case 
of rubber ; if the tapping is too drastic the tree dies or the 
yield falls off, moreover, replanting of the trees must be 
systematically maintained (Tschirch, “Die Harze u. die 
Harzbehalter ”). The most important American varieties 
of turpentine-yielding pines are : Pinus australis (Georgia 
pine) and Pinus tada (the loblolly pine). It must be 
pointed oiP-that resin is found in all varieties of pine, but 
only a few give a flow of sap after incision of the bark. Five 
hundred gallons of crude turpentine oleo resin yield 125 
gallons of turpentine and the residue is rosin. The Central 
American pine is Pinus Cuhensts. The French variety is Pinus 
maritima and in that country the turpentine industry is more 
carefully regulated than in America, In the neighbourhood 
of Bordeaux, in the Departments of Les Landes and Gironde, 
the cultivation in the shilting sands of the .Gascon dunes 
has been developed since the end of the eighteenth century.* 

Russian turpentine is obtained from Pinus sylvestris 
b^ methods which are wasteful and prirfiitive in comparison 
with tl*ose,adopted in America and Fr 3 nte. 

In Russia and Sweden pine stumps are placed in trencSes 
dug in the ground having iron-sheeted bottoms under which 

• For a comprehensive account of the French turpentine industry 
cf. Joly, Proc. Oil and Colour Chemists' Assoc., 1920, /j, 149. 



92 rubbA^, resins, paints and varnishes 

fires are started to distil the tijrps from the’ stumps. In 
India there are large tracts of pine forest in the P.unjab, the 
United Provinces of Agra and Oudh. The production of 
turpentine in 1911 in the United Provinces amounted to 
27,000 gallons, all consumed in the country. Unfortunately 
it is slower drying than the American variety, containing less 
volatile ter])enes (F. M. Perkin, Pamt and Varnish Soc., 1913^ 

It is evident that unless the cultivation „of the tree and 
the extraction of the resin is carried out in an economical 
manner shortage will occur and i)riL'es will rise. There 
are many resin-bearing species of Pinus, c.g. Pjnus pahistris 
(long-leaved pine) and the Douglas fir (British Columbia), 
which do not give any yield on tap])ing, but the resin may 
be extracted by destructive distillation or by steam distilla¬ 
tion. Another source is the by-product in the wood pulp 
industry, especially in Scandinavia. Wood turpentine is 
marked by a peculiar wood essence-like smell and apart 
from this possesses the main ])ro])erties of turpentine, but 
is always coloured. On an average 1 J gallons of turpentine 
are obtained from 100 cubic feet of w'ood. 

The oleoresins from the genus Pinus may be used as such 
or distilled to give turpentine and rosin (colophonium). 

Canada balsam is the oleoresin from Abies {Pinus) 
Canadensis: Strasburg turpentine from Abies pectinata 
(silver fir); Venice turpentine from Pinus lanx (larch). 

According to Tschirch {loc. ciL), Canada balsam (atypical 
oleoresin) contains; canadinic acid, 13 per cent. ; canado- 
linic acids, 48-50 per cent.; canadoresene, 7 per cent.; 
essential oil (turpentine), 23-24 i«;r cent. 

The flowing oleoresin from 'the pines of France and 
America, etc,, is exuded as a transparent liquid which 
becomes viscid and turbid in contact with air. Generally 
it has the consistency of honey,' and is coloured and turWd. 
The oleoresin from Pinus maritivia contains 18 pbr cent, 
turpentine, 70 per cent, rosin, 10 per cent, water, and 2 
per cent, impurities. The yield of oleoresin is variable 
with the species; Tschirch gives 20 per cent. (French and 
American), Schkateloff gives 13-20 per cent, for Russian pines. 
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To obtain* turpentine^roni the oleoresiii it*is distilled in a 
current of, steam undc» conditkms which vary locally (vide 
F. M. Perkin,'foe. ciL). \\ Sofl turpentine oil is obtained by 
the destructive distillation of tfte stumps and consequently 
many additional products are obtained, c.g. wood alcohol, 
acetic acid, creosote hcav^* oils, charcoal, but no rosin. In 
Bjitish Columbia the pine wood is distilled in brick retorts 
electrically heated and the teni]ierature controlled so that 
it does not rise above 205° C. The ])roducts are turpentine, 
rosin, tar oil, tar, Jnd charcoal [Livache and McIntosh, 
"Manufacture of Varnishes,” Vol. 3, 2nd edition]. 

Turpentine is a mixture of terpene hydrocarbons and its, 
composition varies with the source. In America turpentine 1^ 
dextro-i)inene, CioHij, occurs; French turpentine contains 
terebeiithene (lajvo-rotatorc-), CkiHic ; Russian turjientine 
contains sylvestrene, CioHjp, which is dextro-rotatory. 

Wallach and his pupils have made a close study of the 
natural teri)enes, and of late years a number of terpene 
hydrocarbons have been synthesized by Perkin, so that the 
structural formula; are fairly w ell established. In practice it 
is rarely necessary to isolate any of the characteristic deriva¬ 
tives of the terpenes and the standards given below are 
adequate :— 


SG 15" C. 

American turpentine o'862-o By 
French turpentine ,. o 864 

Russian turpentine o 861 

American wood tur¬ 
pentine .. 



% fraction 

Flash point boiliiiK htlow % fraction boiling 
[Abtl], 160“ C. below 170®C. 

86-88° F. 72-78% 95-97 % 


>/ j ^5 % below 170® C. 
180% I75®C. 

(below i7o®C.—35% 
175®C.-8o% 
I jbove 1 bo®C.—20% 


It must be remembered that pinene undergoes decomposi¬ 
tion above 250° C. and gives resinous products, so that care 
hae to be taken not to exceed that temperature during the 
dry distillation of wood. ^ • . 

The terpenes are ring compounds containing unsaturattd 
linkages and asymmetric carbon atoms, so that the variety 
of their derivatives 'is great and their activity is very 


marked. 
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Constants of I-erpenes. 

B.P. SG. ' Hydrochloride. Nitrosochloride. 

Pinene .. 155-156*0. o-Ssr/ao* ^ “ P ^^5* C. CjjjHijNOCl.m p. 

("T 3 "' ^^5 O. 

Sylvestrene.. 177* o'fisi +66' ^io^ie^’’4l Cjj|HjjNC)Cl,ra.p. 

, 'I ni p 135^ C. S io 6 *- 7 * C. 

Limonene .. 176° 0846 +J068 CjJ-lijBr^ ni p. 104" C. — 

Phellindrene i7o*-2® C. — — ci.ntc, in p.’03*-“4'’C. — 

The properties of the last two are mentioned because .of 
their connection with the products of the, “ running ” of 
copals. 

The important properties of turpenciiit from a practical 
standpoint are: (i) solvent properties for oils and resins; 
,,(2) drying properties and action as a catalytic oxygen carrier. 
Turpentine is a good solvent for sweated copals, rosin oils, 
for metallic salts of drying oUs and metallic resinates, c.g. 
manganese linoleate and manganese resinate. 

American and French turpentine evaporate easily at 
the ordinary temperature, leaving a slight greasy residue. 
Russian turpentine leaves a much larger greasy residue, 
similarly wood turpentine, so that these two varieties are 
not considered to dry hard. Turpentine absorbs oxygen 
readily from the air forming a peroxide : when pinene is 
exposed to the air and light sobrerol, CioH]602, is formed 
(Armstrong). Ko doubt during the evaporation of turpen¬ 
tine greasy oxidation products are formed which may bind 
any dissolved resin; generally speaking any catalytic 
oxidizing powers may be considered small compared with 
those of drying oils (cf. Turpentine Substitutes). 

Turpentine Substitutes 
£ 

With the steadily rising price of turpentine and the 
prospect of' world shortage, unless the cultivation 
of the pine forests is methodically organized, it is only 
natural that substitutes for turpentine will be welcomed. 
The requirements art solvent pow^r equal to that of 'turpen¬ 
tine and air-drying power as rapid, leaving little or no volatile 
residue. The flash point must be above 73° F. to conform 
with transport requirements. The smell must be pleasant 
and resemble that of turpentine as much as possible. The 



RESINS AND PITCHES 95 

basis of turpentine substitutes nowadays is a petroleum 
blended w^h turpentine,in varying amounts. If a petroleum 
can fulfil the *above requiitiiyents the use of turpentine is 
unnecessary. A short referene* must be made to several 
factors which are of considerable importance. 

The petroleums are generally not .such good solvents for 
gljm-oil mixings or for metallic driers, nor have they the same 
viscosity and flow ds turpentine. From the experiences 
of the 1906 Test Fence of the North Dakota lixperimental 
Station (Ladd and Washburn, Bulletin, ]9i5, /, 73), the 
substitution of petroleum for turpentine does not give the 
same results as where turjientinc in moderate amount is 
used. It is probable that the slight greasy residue of 
oxidized turpentine facilitates the retention of the resin in 
solution (raw resins are more soluble in oxidized turpentine 
than in turpentine). Friend (loc. nl.) finds that for ])aiiits on 
iron turpentine and petroleum media are equal. The petro¬ 
leums offered are so varied in composition that for comparison 
only volatility tests can be carried out; generally the presence 
of aromatic hydrocarbons tends to improve their solvent 
power. There would appear to be no definite evidence that 
turpentine assists the catalytic oxidation of the gum-oil drier 
mixing. It was supposed that any kind of petroleum w'ould 
cause “ bloom ” in varnishes, but this is incorrect. For the 
estimation of petroleum in turpentine cf. Lunge and Keane, 
“ Technical Methods of Chemical Analysis, ” Part i, Vol. 3, 
also Chem. Zeit. 1918, ya', 349-351. 

Colophony (Rosin). —In the distillation of turpentine 
oleoresin in a current of steam, after the turpentine 
has come over, rosin is left in the stills. The purification 
of French rosin includes (i) drying to expel Vater, which 
would otherwise leave the rosin opaque, (2) filtration of the 
fused rosin, (3) moulding whereby the filtered molten rosin 
is run i»to suitable moulds, (4) bleaching .bv exposure of the 
moulded riJsin to the sun’s rays (Livache and McIntosh, he. 
cit.). Rosins are graded according to paleness; "window 
glass ” rosin is clear and of a pale amber colour ; common 
rosin is clear but darker ; black rosin is opaque and very dark. 
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Rosin contains abietic acid C20H40O2, wM its isomers 
pinic acid and sylvic acid tPaul, SHf, fabr., 191^, j 6 , 545 ; 
Z. angew. Chcmie, 1915, 2S, 4ij).* ' 

American rosin contains 90 per cent, pinic acid (m.p. 
70° C.) and sylvic acid (m.p. 122“ C.). Pinic acid has been 
isolated in three varieties, a, y, with different melting 
points, y-pinic, sylvic, and y-abietic acids are soluble Jn 
petroleum ether while a and /i-pinic* acid^ are insoluble. 
Abietic acid from Spanish rosin is identical with the acid 
obtained from American colophony (Blanas, J. Ghent. Soc., 
1915, loS, 1493). 

, The formula C20H30O2 proposed by Fahrion (Chcm. 

C.CH3 C.COOH 
HC| CH-C CH 

Mil 

H2C, CH-C CH, 

\/ \/ 

C3H7.HC CH.C3H7 

Revue, 1913) was put forward by Bischoff and Nastvogel in 
1880. As in the case of the copal resins much research work 
is yet needed in elucidating the composition and formula of 
abietic acid and its isomers. 

Colophony (colophonium) contains resenes which in 
the case of copal resenes may be regarded as oxypolyter- 
penes formed from terpenes by simultaneous oxidation and 
polymerization. In spite of uncertainty of its formula sufficient 
is known to connect its probable structural formula with its 
most important practical uses. It is an acid resin, soluble 
in most orgaruc solvents, giving a lustrous film of low dura¬ 
bility and hardness ; it is an unsaturated body, able to absorb 
oxygen and reacting with metals, e.g. lead, manganese, ^nd 
cobalt, in the same ,Way as the drying oil acids, f.j. as an 
oxidizing catalyst. In this connection the resin&tes of lead 
and manganese and cobalt are largely used ; they are soluble 
in turpentine and to a slightly less degree in the turpentine 
substitutes. The tackiness of rosin films can be corrected by 
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addition of liir^ or zinc oxide whereby the film is hardened, 
but it is prtfue to hydrolj’sis.by Vater. 

Rosin esters can be obtained by condensation of alcohols 
under various conditions, e.g. gfycerol, resorcin, napnthol. 
The ester gums are pale in qrlour, unacted on by water and 
can be easily incor[rorated»with oil, thereby improving the 
water-resisting properties of the film. The properties of 
ester gums have*been investigated by Ellis and Rabinovitz 
(/. Ind. Eng. Chcm., iqi6, S, 406), with s])ecial consideration 
for preventing “ livenng ” of the vehicle in the presence 
of pigments. This paper is of interest in giving a summary 
of the published work to date. Rosicki [Farb. Zcil., 1913, 
1194) considers that the reduction in the acidity of the 
resins is a necessary’condition, whereas Muehle {ibid., 1913, 
iig, 1944 ; 2058 and 217S) is of opinion that the coagulation 
(“ livering ”) is dire to association of copal particles rather than 
to the formation of insoluble salts, because he was unable 
to produce varnishes from Congo and Manila copals which 
would stand the addition of pigments either after esterifica¬ 
tion or reduction in the acid value. Meguele {ibid., 1913, 
2230) considers there is truth in both views and the verdict of 
practical experience will su])port him. 

Rosin Oil.—When rosin is heated in a closed vessel it 
undergoes destructive distillation ; the heating may be by 
direct fire with or without introduction of superheated steam. 
The conditions of distillation modify the proportions of the 
products. The products consist of:— 


Gas 

Acid water 
Rosin spirit 
Rosin oil .. 
Pitch 


Dry distill.ition. 

■ ■ 5 4 ‘"'u * 

• • 25 % (containiijg lo % acetic acid) 

• • .51 

.. 85 I 

• • 39 


Firi’ hont and super¬ 
heated steam- 


■ 150 
64 % 


llhe rapidity of the distillation has an effect on the propor¬ 
tion of the pfoducts. Hard rosin oil is produced when the, 
distillation is conducted rapidly and during the first stages 
of distillation, whilst spft rosin oil is produced when the 
process is conducted slowly and during the middle period 
of the distillation. The gas is of value for illuminating 
. s. -7 
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purposes, and from the acid wrter calcium acetate is pre¬ 
pared. 'I he properties of ro^n pHcH will be referred to under 
“Pitches.” In Prance the addition of lime to the rosin 
causes an alteration in the composition of the products. For 
the paint and varnish industrx the demand for rosin oil is 
insignificant compared with its utilization as a lubricant. 
The better qualities of rosin oil hav^ no drying properties 
and the crude varieties are feeble in that respect. 

Rosin spirit is said to contain a fluid hydrocarbon 
b.p. 103-4° C., and hexylene and amylene occur 
in light rosin spirit. Rosin spirit may be present in tur|:)s 
substitutes, but if the latter contains rosin oil it will dry 
greasy and will not distil over below 250° C. 

Chinese and Japanese Lacquer.—There are two 
genera of plants belonging to the natural order Anacardi- 
acece containing species which, on being tapped, yield a 
sap largely used in the Past as natural varnish or lacquer; 
these are Rhus, w'hich yields Japanese lacquer, and Melanor- 
rhea which produces the black varnish of Burma. The Japan 
lacquer is characterized by —(i) hardness, which increases 
with age, (2) lustre, which is retained under varying atmo¬ 
spheric influences, and (3) resistance to the usual agencies 
which attack varnishes {Bulletin of the Imperial Institute, 
1910, 8 , 32). The tree which yields Japanese and Chinese 
lacquer is Rhus vernicifera. It is found in woods at an 
elevation of 4000 feet and cultivated along the margins 
of fields or valley bottoms. The tapping of the tree for 
sap resembles that of the Pinus for turpentine oleoresin. 
Large quantities of the varnish pass annually through the 
Port of Hankow. In 1908, 2,479,702 lbs. were exported, 
the bulk of which w'ent to J apan. The raw varftish, which is 
frequently adulterated with Tung oU, is knowm in J apan as 
Ki-urushi. When first collected the sap is of grey-biown 
colour of viscid’consistency, turning black op exposure to 
the air and becoming coated with a thick tough skin. The 
only method of thinning the lacquer known to the Japanese 
is by adding camphor. The peculiarity of the substance 
is that it hardens only in a moist atmosphere and remains 
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in a tacky condition if expjscd to sunlight 
application in China is phrfoinnefl only in wet feather or in 
a damp atmosphere. Oxygen to 575 per cent. 'liy "eight 
is absorbed in drying at the ordinary temperature : i liethcr 
the catalyrst is an ordinary ffrment (laccase) or tlie acf"'^y 
is due to the presence of» manganese with a proteid-h'^e 
subitance is undecided. For a concise description of the- 
manufacture of •Chinese and J apanese lacquer reference 
may' be made to Bulletin of the Imperial Dfililutc (loc. cit). 

The Burmese black varnish or lacquer (thitsi) is an 
oleoresin obtained from the black varnish tree Mclanorrhea 
usitata. The trees are ta])ped, and in general properties 
the lacquer is similar to that obtained from Rhus, although 
slower in drying. (“ Drugs, Oils, and Paints,” iqiy,y.?, 413.) 

The application of the lacquer is said to be dangerous 
to western workers owing to the peculiar poisonous properties 
of the resin,* Majima and Tahara (Bcr., 1915, ^S, i 593 ) 
have synthesized hydrourushiol dimethyl ether obtained 
from “ urushiol,” the chief constituent of Japan lac. From 
their investigations Japan lac is an aromatic derivative 
with a long side chain, since hydrourushiol dimethyl ester 
has been shown to have the formula, 

(CH30)2C6H3(CHj)hCH3. 

For durability Japan lacquer far surpasses any other 
resin known. 

Synthetic Resins.— When phenols and formaldehyde 
(formalin) are heated in the presence of condensing agent; 
substances are obtained which in appearance and propertie; 
resemble natural resins, esfjecially Indian Igg. The con¬ 
densing agent may be an acid, an alkali, or ammonia. The 
investigatioii of these substances has been developed by 
Baekeland and his collaborators. The chief representative 
of file class of synthetic resins is Bakehte, which is manu¬ 
factured in, a number Of forms, each with important 
properties. An account of Bakelite and its applications 
is given by H. Bebacli. (J. S. C. 1913, J2, 559). The 

f Recent experience has shown, however, that the poisonous properties 
uch exaggerated. 
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so-called Bake^lite varnishes a^e solutions of,’ Bakelite “A” 
in methylated spirit. The varnishes when «toved give 
hard insoluble and infusible coatings of high chemical and 
mechamical resistance. Stoved Bakelite lacquer films resist 
the /action of methylated spirjt, ammonia, and salt water, 
m/oreover they are acid proofs Bakelite is used for the 
^/impregnation of coils, armatures for magnetos, arc lajtips, 
transformers, etc., because of its great dielectric strength. 

If fluid Bakelite “ A ” (Resole) is heated for several hours 
at a temperature of I4()°-I70° C., an'd a'c a pressure of lo 
atmospheres, it is transformed into transparent, insoluble, 

' and infusible Resite. Generally a filling material is used, 
which is impregnated with the fused resole forming a plastic 
mixture, which completely fills the mould in the press. 
At a temperature of ioo°-200° C. the resole is changed to 
Bakelite “C” (Resite). Resite is non-hygroscopic and is 
the most resistant of all plasties ; it can be heated to 300° C. 
without decomposition and at higher temperatures it chars 
but'idoes not ignite. It is suitable for pen and pencil holders, ■' 
umbrella handles, cigar holders, etc. 

The Resites are considered by Wohl (Ber., 1913, ^5, 2046) 
to be polymerization products of methylene derivatives of 
the tautomeric phenol 

CH_CH 

CH2.CH<^ ^C=0 

ch"”:h 

Furfuraldehyde can replace formaldehyde in these resins 
(/. S. C. I., 1920, 577a) . In oil varnishes (Albert and Behrend, 
Eng. Pat., 15875/1914. and G&r. Pat.,281939/1913) they have 
had only a limited success. A new class of artificial resins 
(cumarone resins) has attracted attention lately. These resins 
are polymerization products of cumene and indene (obtained 
, from crude betizol (b.p. i6o°-i8o“ C.) by the ^action of sul¬ 
phuric acid (Bottler, Kunstoffe, 1915, 5, 277, and Krumbhaar, 
,Farb. Zeit., 1916, 21, 1086). The cumarone varnishes are 
said to be tacky, and although they can be hardened by 
the addition of paraindene, yet their durability is poor. 
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Unaccountable\thickening*ensues when cumarcme varnishes 
are mixed vwth certain pigments. 

The acrylic ‘acid esters prepared from glycerine, lactic 
acid, etc., when exposed to sunlight or ultraviolet light poly¬ 
merize to varnish-like elastic masses. They are soluble in 
solvents for oils and‘are st^ated to dry rapidly and not to 
be jeadily affected by exposure or by chemical agents 
[J'.S. C. I., I9i6,,,?5, 698). 

Accroides Resin. — Xantliorrliea, or grass tree 
(Juncacece), is confBicd to Australia and Tasmania. It is a 
plant with a short thick woody stem, terminated by a tuft 
of long leaves about 3 feet with cutting edges. The three • 
most important species are X. hastilis and arborca (red gum 
accroides), and X. australis (yellow gum accroides). From 
the trunk of the trees on incision flows a resinous substance 
giving a layer 2-4 cm. thick in the case of X. australis. 
Sometimes fragments detach themselves spontaneously 
and collect at the foot of the tree where they are found 
buried and semifossilized. 

Red gum accroides approximatesDragon’s Blood in colour, 
with a shade approaching brown, possessing an orange 
streak. In lustre, however, it is superior. The yellow 
variety differs only in colour and in structure from the red 
variety (Livache and McIntosh (loc. cit.), Vol. 3, and Seelig- 
man and Zieke, “Handbuch der Lack u. Firms Industrie” 
(1914)). Both varieties are soluble in alcohol and alkalies 
but insoluble in petroleum ether, in that respect resembling 
shellac. Xanthorrhea resins seem to belong to the same 
class chemically as Peru balsam, storax, and benzoin. During 
the War it was suggested th^t they might b^ transformed 
into picric acid by comparatively simple nitration. 

Pitches 

• • » 

Pitches.—^The mineral pitches complice bitumen or 
asphaltum (French, Asphalte ; Spanish, Asfalto ; German,* 
Erdpech). The term “ bitumen ” is considered by Langton 
{Proc. Oil and Col. 6 hem. Assoc., 1919) to be generic, 
defining a class of substances soluble in carbon disulphide 
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and other niutral liquids and c(^nsisting of/compounds of 
carbon and hydrogen assocktecj frequently witl» compounds 
of oxygen, sulphur, and hitrogen. Asphalt would be 
regarded as mineral mattet containing bitumen in intimate 
association. 

The artificial pitches or residual 'pitches (Richardson, 
J. Ind. Eng. Chem., 1916, , 4) are essentially the products 
of the distillation or destructive distillation of carbonaceous 
material in the form of coal (coal-tar pitch), petroleum 
(mineral oil pitch), resinous woods (Stockholm pitch, rosin 
pitch), vegetable and marine oils (stearine pitch), wool fat 
(wool grease pitch), and bones (bone pitch). 

The above list shows their great variety with end¬ 
less complexity of chemical composition, yet marked by 
characteristic differences as to hardness, blackness, fusibility, 
and brittleness. 

In order of magnitude of production coal-tar pitch is 
the most important. 

Coal-tar Pitch is the residue remaining in the stills 
after the first distillation of coal-tar and amounts to two- 
thirds of the weight of the treated tar or 4 per cent, of the 
weight of the coal carbonized. The lower gravity tars, 
produced at low carbonization temperatures, are rich in 
open chain paraffinoid bodies and give a lower yield of pitch 
than the high gravity tars containing aromatic hydrocarbons 
with free carbon. The softness and hardness of tar pitch 
depend on the conditions of distillation; a harder pitch 
being produced by heating the tar strongly to obtain the 
maximum yield of anthraceiiQ distillate and the residual 
hard pitch is graded by addition of creosote or anthracene 
oil. Stewart [Trans. London and Southern District Junior 
Gas Association, 1911-12, 43) states that at high temper¬ 
atures and with Kgljt charges'a yield of 78 per cent, pitch is 
obtained; coniinuUl distillation., from vertical retbrts gives 
'47 per cent, whereas moderate heat and fairly heavy 
charges give 56 per cent, pitch of finer quality and a lower 
content of free carbon. The specific gravity varies from 
I’2 to 1-3. Soft coal-tar pitch softens at 37° C. and melts 
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and be soluble in turpentine, petroleum, and high boiling- 
point coal-tar naphtha. The sjfeciljc gravity vapes between 
I'l and i'2. The pitches softer at 6o° C. and melt between 
100° and 140° C. A sunjmary of the literature on the 
subject may be found in jiapers by Langton {loc. cit.) and 
Donath and Strasiser {Chem. Eeit., 17, 1788). An 

analysis of a bitumen shows the presence of carbon, hydrogen, 
and sulphur in approximately the following amounts 
which vary with the source : carbon, 74 per cent.; hydrogen, 
10 per cent; sulphur, 16 per cent. ^ „ 

Stearine Pitches.—Stearine pitches are the residues 
from the distillation of vegetable and mineral oils or fatty 
acids. They are of value for blending with bitumens, possess¬ 
ing high lustre, satisfactory hardness, elasticity and solubility 
in turpentine and in ijctroleum. The jiitclies from drying 
and semi-drying oils arc usually less soluble in the above 
solvents. Cotton-seed oil pitch is made by distilling cotton¬ 
seed black grease, prepared from the mucilage obtained in 
refining crude cotton-seed oil. 

When unrefined cotton-seed oil is distilled the pitch is 
obtained in the form of a highly elastic spongy mass : this 
elastic cotton-seed pitch can be vulcanized and in that 
form is largely used in electric cables, but the coating is 
apt to be brittle at low temperatures. The harder varieties 
are used in the manufacture of waterj)roof paper. 

Stearine pitches give a lustrous coating which is brown 
in thin layers ; this defect may be neutralized by incorpora¬ 
tion with Bone Pitch, an intensely black pitch obtained by 
the distillation of bone oil (Dippel’s oil), produced when bones 
are dry distilled. Bone oil yields about 23 per cent, of hard 
pitch. Alone, bone pitch is nof very soluble in solvents, but 
it can be blended with more soluble varieties. All the 
stearine pitches require sweating before incorporation iijto 
black varnishes to_give coatings of satisfactory dryness. 

. Wool grease pitch is softer thian stearine pitch (Donath 
and Margosches, Chem. Rev., 1914, 1904), and is used as a 
lubricant rather than as a varnish pitch. 

Stearine pitches can also be obtained from whale oil 
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fatty acids. It is probaWe that the constituents of stearine 
pitches are,decompositi(jn i?roducts of fatty acids and esters 
consisting of paraffinoid hydibcarbons, ketones, polymeriza¬ 
tion products, and complex estaars which are more weather- 
resisting than the original oils. The softness, elasticity, and 
solubility depend orf the source of the material and on the 
conditions of distillation. 

* Ozokerite. -rAmong the mineral pitches Galician ozo¬ 
kerite gives on distillation a hard waxy substance, breaking 
with a rough granular fracture. In colour it is dark amber, 
softening at 50 °C. and melting between 85° C. and 100° C. 
Ozokerite and ceresin (the product obtained by refining , 
ozokerite) are employed as “ finishing wax ” and in electric 
cables. Some qualities burnish well and take a high polish 
(Redwood, J. Soc. Arts, 1886, 34 ; Marcusson and Schulter, 
J. S. C. L, 1905, 26, 491). 

Stockholm or Swedish pitch and Rosin pitch are 

typical products of the distillation of residues of wood tar 
and of rosin respectively. 

Stockholm tar when distilled gives light oils, sp. gr. o’Sq- 
0 88, and about 70 per cent, yield of pitch. The pitch 
is soft with a jet-like lustre, but of a brown colour in thin 
films. It is easily soluble in alkalies owing to the presence 
of phenolic bodies, e.g. guiacol and cresol, which endow it 
with marked preservative and antiseptic properties whereby 
it is largely used in the painting of ships. It enters into the 
composition of many impermeable cements and black var¬ 
nishes. Prior to 1914 the annual yield from Russian sources 
was estimated at 55,300 totj^s. 

Rosin pitch is the residue left on distillation of rosin 
(colophony) and amounts to about 15 per cent, of the rosin 
taken. It is a yellowish-brown substance with a rosin-like 
smell, possessing a sticky feel and crutnbSng easily on slight 
pressure* It dissolves in nearly all the soVeats for colophony. 
Rosin pitch’is rarely used alone in varnishes and is only 
occasionally blended with low'-grade pitches. 

In the examination of pitches the determination of the 
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softening ana melting points is of ?mportance/as well as the 
specific gravity. In the stearine pitches the acidity and 
saponification values are usefvfl, but in very hard fat pitches, 
obtained by pushing the distillation to its utmost limit, 
the values are low. A comparison of the acid and saponi¬ 
fication values of stearine pitch and petAileum j)itch is show'n 
in the subjoined table ;— ^ 

€ 

t 

Acid vuluc. baponificattou value 

Stearine pitch .. u-2-2'9; 2'4 2'2-8'3 ; 43 

Petroleum pitch .. o’l; i'2 ; 0*3 * i’3;2'6;i7 

The detection of wood-tar pitch is facilitated by the charac¬ 
teristic smell of creosote on heating and by complete 
solubility in alcohol. Coal-tar pitch contains a considerable 
amount of free carbon. 

The methods of identification of the varieties of pitches 
are on the whole unsatisfactory. A scheme has been put 
forward by Mansbridge (/. 5 . C. 1 1918, ,7, 184) which 
applies to single pitches, but not to mixtures. It relies on 
a division into saponifiable and misaponifiable pitches and 
the behaviour of the members of the tw'o divisions to the 
solvent action of white spirit. It looks promising in spite 
of several exceptions due to the variety of conditions in 
the production of these complex bodies. Lawton {loc. cii.) 
gives the results of the examination of a number of pitches, 
especially stearine pitches. 

The natural asphaltums or bitumens containing sulphur 
and nitrogen can be separated into petrolenes, soluble in 
88° C. petrol, and asphaltenes. ^Petrolenes are tough viscid 
substances jrbssessing cementing properties, whereas the 
asphaltenes are dry and brittle, but soluble in carbon disul¬ 
phide and in hot turpentine. 

Petrol (88° C.)* dissolves ct)al-tar or wood-tar pitolies 
which would beAisefl in varnish giamels, but the pttrolenes 
are unsaponifiable by alkalies. 

The discussion of the origin of the bitumen deposits is 
outside the scope of this book. As hydrocarbons, e.g. bitu¬ 
men of the Dead Sea and Trinidad asphalt, they contain 
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carbon, hydrisgen, oxygAi, nitrogen, and sulphur, and yield 
on distillation gas, coIk, ijurning oils, and gas oils, so that 
they are comparable wiJh* petroleum pitches produced 


artificially. 

4 

iOcad Sea .ispball 

Trinidad asphalt. 

Carbon 

,.. 77-8 

78-8 

» Hydrogen 

■ • 8'93 

9 '3 

* Nitrogen, 

— 

i '4 

Sulphur 

— 

lO'O 

Oxygen , .. 

■■ 11*54 

— 

9 

100*54 

99'3 


The pitch lakes of Trinidad and Bermudez, represent 
important deposits of natural bitumen, but their origin, 
like that of the mineral oils, remains undecided. 


Richardson (/. Ind. Eng. C/icw., 1916, S,^) suggests that 
the petroleum pitches originate by surface action between 
natural gases and the sands with which they come in con¬ 
tact, and that asphalts are formed by the surface action of 
colloidal clays upon heavy petroleums. Beckham (/. Frank. 
Inst., 146, (i) 45), from a study of the Californian bitumens, 
considers that the polymerization of petroleum and the 
conversion into asphalt is due largely to the presence of 
nitrogen and sulphur. 

For full information on the examination of pitches 
reference may be made to the following works ;— 

Allen: “ Commercial Organic Analysis ” : “ Thorpe's Dic¬ 
tionary of Applied Chemistry ’ ’ (Pitches). Bunge and Keane : 
“ Technical Methods of Chemical Analysis.” Ingle: "A 
Manual of Oils, Resins‘ and Paints.” .Gardner and 
Schaeffer ; “ The Analysis of'Paints.” Seeligman and Zieke : 
‘‘ Handbuch der Lack u. Firnis Industrie ” (1914). 





Part IV.—PIGMENTS, PAINTS, AND 
LINOLEUM 
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Section L—PIGMENTS AND PAINTS 
Pigments 

The subject of pigments introduces a primar\' consideration 
of their uses in paints and enamels. Their employment 
as a means of obscuration of the undercoat for decora¬ 
tive treatment being obvious, the question of choice of 
paint or varnish to serve as a protcclivc coat leads to a 
consideration of the general influence produced by a pigment 
in a paint. In applying a drying oil medium to a non¬ 
absorbent surface, the thickness of film applied is limited 
by mainly one factor, that of viscosity, and it is obvious 
that such ‘is limited by considerations of practicability. 
The application of a thick film, however, can be realized 
by applying it in the form of a two-phase system of solid/ 
liquid wherein the rigidity of the system is out of all pro¬ 
portion greater than its corresponding viscosity or resistance 
to shear. The net result of such is to furnish a'means of 
applying a heavier or thicker coating than would otherwise 
be possible ifi the absence of the pigment. There are other 
influences at work in a paint in addition to these which 
will be considered under the heading of paint and enamel^. 

The several gj^perties of the different pigments fWill be 
considered under their respective Leadings, but *a review of 
the general properties of pigments used in paints will be 
necessary at this juncture. Pigments may have one or 
many of the following properties :— 

io8 
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(i) Colour)- Opacity, *and Tinctorial power. Although 
white is usually not coiisidfred*as a colour, the fact that its 
function in points is often*to overcome or “kill” another 
colour makes it expedient to cctnsidcr it as such. Tinctorial 
power is to be distinguisl^ied from the other property of 
pigment referred to as cplour by the capacity for staining 
or»iimparting hue. The term “capacity” or “body” is 
more strictly accurate in referring to that property of a 
pigment which is distinguished by the capacity for obscura¬ 
tion of an under^rodnd or undercoat.* A sharp classifica¬ 
tion into staiying and obscurative pigments is not possible, 
as certain pigments possess both properties, and the property! 
of obscuration or opacity, although nearly absent in certain 
pigments, is only present to any degree in others under 
certain conditions. The main factor in obscuration is that 
of producing optical discontinuity in the film under con¬ 
sideration. This clearly resolves itself into the attainment 
of a layer or layers through which the light passing suffers 
' different degrees of refraction. In other words, high 
opacity in a film is obtained by a combination of pigment and 
medium of refractive indices as far apart as possible. The 
medium may be oil, water, or air, so that it may happen 
that two pigments may have nearly the same opacity, 
examined dry or in water, but by virtue of a closer ap¬ 
proximation of refractive index of linseed oil to that of one 
of the pigments, such may prove more or less transparent 
in an oil medium. The higher the refractive index of a 
pigment, therefore, the greater its opacity, since no medium 
exists which has a greater,index of refraction than that of 
the most transparent of pigments. The ultimate size of the 
particles also has a great influence on the opacity of a 
pigment, the smaller the size of the pigment the higher the 
opacity, this latter property, how’evyr,’diminishing as aj 3 - 
proximation in size to th^wave-length i 5 f -liglit is approached. 

Tinctorial, or staining power is the relative degree fo 
which imit weight of pigment will confer colour to another 

• For a description of an ingenious laboratory apparatus for determining 
opacities of pigments, see Pfund, J. Franklin Insl., 1919, 188, 675-681. 
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to obtain the same degree of tone \^alue. Thu? two samples 
of Prussian blue will be coaipspredrfor stainingc power by 
determining the relative amounts of white pigthent necessary 
to obtain pale blues of sirf.ilar “ tone or light reflecting 
value. The converse of this property of staining power, 
sometimes referred to as “ killing povier,” represents the 
result of a similar determination on a white pigment, gmd 
the procedure is self-evident. The two properties of opacity 
and staining power do not necessarily bear any relationship 
towards each other, though usually 'a close relationship 
sometimes exists between opacity and “ killing power ” of 
white pigments. Thus Prussian blue represents a pigment 
of high staining power and very low opacity, Indian red 
possesses both great staining power and high opacity, 
whilst the chromes possess moderate staining power and 
high opacity. The high opacity of most black pigments 
is probably accounted for by their power of absorbing light 
to a great degree as well as by their high state of subdivision. 

The colour of pigments often varies to a great degree 
according to their method of preparation. Whilst com¬ 
paratively small variations are found in certain classes of 
pigments such as Prussian blue, great variations in hue 
are to be found among the earth colours and chrome 
pigments. 

The measurement and registration of colours in numerical 
terms has been attempted by many investigators. One 
of the best-known instruments is that of J. W. Lovibond, 
known as the “ Tintometer.” In this instrument a flattened 
heap of the pigment under examination is viewed simultane¬ 
ously with a similar heap of calcium sulphate (taken as the 
standard of whiteness) through two long tubes arranged 
side by side as binoculars, glasses of standard degrees of 
depth in yellow, blhe, and red being interposed in the tube 
through which the-cMcium sulphate is viewed until 'a colour 
match is obtained. It is thus obvious, from a consideration 
of the theory of colours, that theoretically not only would 
it be possible to match the hue of a given colour, but in 
virtue of subtractive effect obtained by passing white light 
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through complete and e'^jual units of primary colours a 
certain degree of obscuration or units of black may be 
obtained. Thifs, if a given'xblour were matched by inter¬ 
posing in the calcium sulphate tube units represented by 
red i’3, yellow 07, and blue 3'0, the effect produced will 
be equivalent to 07 units of black, 0'6 units of red, and 
2’3 jmits of blue. Unfortunately, however, the instrument 
hlis not found much favour among workers in pigments, as 
the difficulty of obtaining colour matches of richly coloured 
pigments is exceedingly difficult owing probably to fatigue 
of the eyes, y is understood, however, that for tintings of 
white, such as would occur in white pigments, flours, pale.. 
coloured aqueous extracts, etc., the instrument has been 
found very valuable. Other methods of colour measure¬ 
ment * have been suggested, but being of comparatively 
recent introduction, nothing yet is known as to their value 
in practice. 

An important point in connection with the valuation 
of pigments in regard to their colour arises in their so-called 
“ undertone ” obtained on reduction. This undertone often 
appears as a colour complementary to that which dominates 
in the pure pigment. Thus, although chrome yellows, yellow 
ochres, red oxides, and many colours on dilution with white 
pigments yield colours of lesser purity but of similar hue, 
others, such as many lake reds, browns, etc., yield under 
similar conditions colours of lesser purity dominating in 
hue. ' The apparently dead black pigment, vegetable black, 
yields on reduction greys with a strong blue cast, whilst 
carbon blacks yield brown-greys. 

(ii) Chemical Effect upon the Medium. Irt spite of its 
many disadvantages, the great popularity of wdiite lead, or 
basic carbonate of lead, as a pigment is undoubtedly due 
to •its effect upon the medium (linseed 'oil) in wdiich it is 
used, ft stands by no meqns at the head of the list of white 
pigments for either colour (purity of its white), opacit/, 
or cost, yet it is safe to assume that it finds its way into 

• Lawrance, 0 . andCol.Chem Assocn., 191Q.2, No. 6 ; Bawtree, 0 . and 
CoL C%em. Assocn., 1919. 2, 61. 
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more paints than any other pigmeht. It being a recognized 
fact that its basicity is a cause pf a.slight degree of saponifi¬ 
cation of the oil medium, it 'is probable that the small 
amount of lead soap formed is responsible for the enhanced 
physical properties of paints of which it is a component. 
The comparative impermeability^ of this lead soap is also a 
probable factor in its extended use. ^ 

Among other pigments having decided chemical effect 
on the medium may be cited those w'hich affect it by reason 
of their basicity or power to neutralize rthscent lower fatty 
acids (such as formic and acetic acids, etc., .from boiled oil 
during oxidation), and those influencing the oxidation 
either favourably by virtue of their containing a compound 
of a metal which acts catalytically as a “ drier,” e.g. certain 
ochres, umbers, etc., or unfavourably by reason of deleterious 
impurities. These will be considered under the separate 
headings of the pigments, although, in many cases, the 
influence of retardation of oxidation is not well understood. 

(iii) Physical Effect upon the Paint. An important point ”■ 
leading eventually to marked influences on the behaviour 
of the paint film on exposure is that of the relative oil 
absorption of pigments, and will be considered more fully 
when dealing with the subject of the preparation of paints 
and enamels. The oil absorption of pigments may be 
defined as that minimum quantity of oil necessary to convert 
unit weight of dry pigment from a powder to a definite 
paste. This constant is conveniently determined in the 
laboratory' by adding raw linseed oil drop by drop from a 
burette to (say) lo grams of ,pigment in a mortar and 
working in the oil with a powerful grinding action until a 
completely coherent stiff paste is obtained. The oil absorp¬ 
tion of pigments varies from some 6 per cent, in the case 
of white lead to nearly 200 per cent, in the case of certain 
smoke-black pigments. 

' The ultimate physical condition of a pignient, i.e. the 
question of its fineness of division, specific gravity, and 
electrical charge, which it carries when suspended in a 
particular medium, or in other words, its approach to or 
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de^rture from^the colloidul state, has a very ^sat .bearing 
on its employment in pajnts* smJ even more so in enamels. 
To cite the case of pigments, which exist in media to 
a great extent in the colloidal i'tate, there is the case of 
zinc oxide in enamel media. These latter usually consist 
of thickened oils or •varnishes very rich in thickened oils. 
The particular combination'of actively-basic zinc oxide in 
atinely divided sl^te, together with oils of moderate acidity 
and high viscosity, results in a colloid system of very 
great stability. Tims, reparation of pigment from medium, 
even when diluted with ether, cannot be accomplished 
by ordinary filtration, and in an experiment by one 
of the writers, complete sedimentation did not take place 
in an ethereal dilution in eighteen months, the high-speed 
centrifuge alone effecting complete deposition with some 
difficulty. The suspension showed all the attributes of a 
suspensoid, the Tyndall cone effect being quite marked, and 
rapid Brownian movement being visible in the ultramicro- 
•jCope. The suspensoid, moreover, was bluish by reflected, 
and orange by transmitted light. A “ solution ” of an 
intimately ground mixture of linoxyn and I’enivian ochre in 
amyl alcohol showed the pigment to be in a similar condition. 

The colloidal condition of smoke-black in the preparation 
known as •• Indian ink " is well known, the aqueous solution 
absolutely defying separation of the pigment by the 
ordinary means of filtration. Perhaps the most perfect case 
of colloidal suspension is that of Prussian blue in oil. In 
this case the high-speed centrifuge is quite unable to remove 
the last traces of suspended pigment. 

A property often utilized in pigments and probably 
intimately linked up with the foregoing, may, for want of a 
better name, be termed “ suspending power.” This is well 
exejnplified in the case of China clay, wlrich, although not 
showing the usual attributes of a colloidally-suspended pig¬ 
ment, is nevdttheless capable of preventing deposition to a’ 
hard cake in the bottom of the container in the case of paints 
containing pigments of known high specific gravity and low 
oil absorption. Common whiting similarly shows this 
s. 8 
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property, nljilst precipitated che.lk, which for all practical 
purposes is of similar comporition.^does not actr,thus. 

A substance possessing particular formi of its particles 
in the finely divided condition is often useful to secure 
certain physical characteristics in the dry coating. White 
lead examined microscopically is to a ecrtain degree crystal¬ 
line, and this property imparts “ bite ” or “ tooth ” to white 
lead paints, both on application and for tlje subsequent coat. 


The White Pigments 

1. White Lead or Basic Lead Carbonate.—White 
lead, often incorrectly termed carbonate of lead, is perhaps 
the best known and most important of the white pigments. 
The earliest process of manufacture, that known as the 
“ stack ” or Dutch process, is the one which, at all events, 
until quite recently, enjoyed the greatest popularity, although 
the time taken and diflicultics of manipulation have proved 
a great incentive to attempts to introduce more rapid and. 
certain methods of manufacture, as will be judged by the 
extensive patent literature dealing with the subject. In 
brief, the stack method of corrosion consists in forming a 
stack of eartlienware vessels, each having a false bottom 
acting as a container for dilute acetic acid or vinegar, and 
supporting on the ledge formed by the false bottom a roll of 
thin sheet lead. The stack or battery' of pots is then enclosed 
in a chamber over spent tan or dung for a period of about two 
months, during which time corrosion of the lead to basic 
acetate takes place by means of the acetic acid volatilized 
by the heat of the fermenting organic matter, followed 
by its conversion into basic lead carbonate by the carbonic 
acid evolved. The stack is then opened, the corroded grids 
removed, and the unattached “ blue ” lead separated by 
crushing, washing,■■ etc., the metal-free pigment being dried 
in the usual way. The main disadvantages of the process 
are the length of time occupied for corrosion, the danger to 
the operatives opening the stack, and the liability to con¬ 
tamination by lead sulphide from the sulphuretted hydrogen 
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evolved from (die orgaiiic*matter. On the otllr^r hand, the 
uniformity lof the product hi^ so far as its comparatively 
amorphous corfdition, opacity, etc., is concerned, has for 
long placed the product made this method in the front 
rank of excellence. , 

Many other processes liave been devised to shorten 
the ^reriod of corrosion, whilst attempting to retain the 
fineness of divisictn of the stack-made prouuct.* Although 
the plant used differs in the individual j)rocesscs, the opera¬ 
tions involved are* nearly all alike, depending as they do 
on solution of either “blue” lead or litharge in nitric, or, 
more usually, acetic acid, and subsequent preeijatation with 
carbonic acid gas. An interesting instance of a “ precipita¬ 
tion ” process is that of Bischof, as now carried out by the 
Brimsdown Bead Co. L,td., at Brimsdown, near London. 
In this process litharge is first reduced to the state of 
the black sub-oxide PboO by means of water-gas obtained 
by blowing steam through charcoal. This is in order to 
ensure reduction of any red lead which might exist in the 
litharge, and which would eventually pass through the 
processes to the white lead, giving it a jiink cast. The sub¬ 
oxide is then “ pugged ” or masticated with water to convert 
it into the white hydrate, after which it is treated in a large 
closed W’ooden vat with a solution of lead acetate and a 
little acetic acid, carbonic acid meanwhile being pumped 
in under pressure. The amount of gas introduced is 
measured and serves to produce a basic lead carbonate 
of any degree of basicity. The acetic acid, serving only as 
a catalyst, can be recovered, and is used over and over 
again for succeeding operations. 

Of late years perfection of control has reached such a 
stage that w’hite lead products made by quick processes 
conq)are very w'ell indeed with the stack-made article, and 
which are far superior fromtthe point of purity of colour. 

White lead, although varying somewhat in composi¬ 
tion in different samples, approximates to the formula 
Pb(0H)22PbC03. This'formula would be represented by 

* Hupbt, “ Pamtei's’ Colours, Oils, and Varnishes,’' 5th edition 
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a compound'bontaining abqut 70 fJer cent, of, lead carbonate 
and 30 per cent, of hydrate, ■{vbilst^ the average of a number 
of samples approximates to 72 per cent, of the former to 
28 per cent, of the latter; Dry white lead comes on the 
market in the form of a heavy,white powder or soft lumps, 
possessing, according to many authorities, a faint but 
characteristic odour. It has a specific gravity of 6'6^ and 
an oil absorption of as low as 6 per cent.‘in some samples, 
i.c. a definite paste can be formed by combination of 94 parts 
by weight of dry white lead with ‘ 6 parts by weight of 
raw linseed oil. The i^roduction of the stiff jiroduct, com¬ 
monly knowm as white lead “ paste ” or white lead “ in oil,” 
can either be made by directly grinding the dry pigment in 
oil or by “ pugging ” or milling the wet pulp as it comes 
from the filter press with linseed oil, the superior affinity of 
wdiite lead for oil driving out the w'ater.* 

White lead is a pigment of high opacity and fairly good 
stability. Its great popularity in paints is principally due, 
however, to its power of combining to a certain extent wiA 
the oil medium used, the lead linolcate formed conferring 
certain physical properties of flow under the brush which 
are higldy esteemed in practice, and a good degree of 
impermeability to moisture. White lead enters into the 
composition of many paints as a “ base ” or starting point 
on account of its high opacity and comparative stability, 
many pale-coloured tinted paints being obtained therefrom 
by addition of small proportions of stainers. 

The stability of white lead in paints has formed the 
subject of much controversy ^ recent years, no very satis¬ 
factory agreement or conclusions having been arrived at. 
In the wuiters’ opinion, however, this W’ould seem to be 
accounted for to a very great extent by the fact that too 
little attention seems to have* been paid to the other fa«tors 
obtaining in theepaint under trijl, i.c. the medium* used and 
its relative amount, as it is obvious that pigmentation or 

♦ The cause of this phenomenon is to be attributed to the lower inter- 
facial tension existing m white lead/oil over that of white lead/water 
resulting in a diminution of surface energy. 
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relative proportion of pigment to oil in a gi/en medium 
beyond a lynit, is likely to dead* to actual exposure of the 
individual pignjent par^icle^ to a certain extent. From 
the mass of controversial evidence, however, a few definite 
facts stand out. Of all the white pigments white lead is 
that which has the ^greatest* tendency to go yellow' in the 
dark. This is not a very serious disadvantage, as the yellow¬ 
ness bleaches ou1, once more when the paint is exposed to 
a good light. White lead jiaint is also very susceptible to 
blackening in an atanospherc containing sulphuretted hydro¬ 
gen. The majority of observers also seem to agree that on 
exposure to much sunlight and weather while load paint 
films soon lose their gloss and “ chalk,” t.c. the oil medium 
seems to disappear, leaving the pigment in an unbound 
chalky condition. This latter is probably due to the 
catalytic action of the lead as a drier, drying, as already 
stated, being a reaction by no means ended when solidity 
of the paint film has once been attained. 

• Of the numerous other white lead pigments which have 
engaged transitory attention from time to time may be cited 
the basic chloride, hydrate, sulphite, etc., the only one which 
has found anything like a moderate degree of popularity 
being the basic sulphate. 

2. Basic Lead Sulphate or Sublimed White Lead.— 

Thisproduct, as found on the market, varies greatly in basicity, 
some samples having as low a PbO content as i or 2 per cent., 
whilst others contain up to 35 per cent. The usual method of 
manufacture is by sublimation of galena, PbS, in a current 
of air. It is also formed as a by-product in the manufacture 
of litharge by cupellation, a*c"ertain proportion^of lead com¬ 
pound being volatilized by the action of the hehting gases 
containing sulphur dioxide. A method of only academic 
interest consists in the prcciiitation of the normal sulphate 
from a ^soluble lead salt and subsequent grinding of the 
precipitate id a solution 0/ a caustic alkali, when a definite 
reaction with increase of temperature accompanies the forma¬ 
tion of the basic sulphate. No specific claim for distinction 
from white lead in properties seems to have beep piade. 
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barring, pei\iaps, the altogether efroneous one of its absence 
of toxicity. Generally speUking, it may be said j;hat the con¬ 
sumption of basic lead sulphate as a pigmenj is very limited. 

3. Zinc Oxide or Zin^ White.—This pigment is made 
by two different methods, known as the direct and the 
indirect processes. The formcl, also known as the French 
process, consists in burning m'^tallic zinc in a current of 
air, the zinc oxide or fume being condensed in chaiifbofs 
containing bags. Indirect process oxide is obtained by burn¬ 
ing the zinc ore, the product differing from that from the 
other process by its lesser purity of composition and colour. 

Zinc oxide is the whitest of all commdreial pigments, 
ranking slightly behind precipitated calcium sulphate in 
its purity of colour. Zinc oxide is also the white pigment 
possessiiig the highest degree of subdivision, this property 
making it the most suitable pigment to use in white enamels. 
Owing to the actively basic nature of zinc oxide, much care 
has to be exercised in the selection of the medium used in 
its grinding, a badly-refined oil of high acid value beipg 
unsuitable by reason of the stiffening or “ livering ” which 
occurs progressively after grinding. The opacity of zinc 
oxide is equal to or possibly greater than that of white lead, 
but by reason of its greater oil absorption (15 per cent, as 
against 6 per cent.) the ojiacity of a zinc wdiite paint appears 
less than that of white lead paint on account of the low'er 
pigmentation obtaining in the former (H. Pfund, J. Franklin 
Inst., 1919, 1S8, 675-681). On the other hand, the spreading 
power or relative area covered by unit w'eight of paint in 
the case of zinc wdiite is much greater than with white lead. 
The stability of zinc wdiite in paint films is good, its higher 
cost usually being considered as one of the factors mitigating 
against its displacing white lead. In its favour may be 
stated its absolute non-toxicity and its power to remain 
well suspended in paints. 

4. Orr’s White or Lithopohe.— This pigment was first 
manufactured and patented in 1874 by Mr. J. B. Orr. It 
is one of the most interesting of the white pigments, and 
now holds an important position in the paint factory, 
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where it has practically supplanted every ot/ier pigment 
for use in .indoor paints and enamels. Lithopone, also 
known under a .variety of of^her names, c.g. ponolith, litho- 
phone, enamel white,- etc., consists of approximately mole¬ 
cular proportions of zinc sulphide and barium sulphate, but 
in so far that the prsduct is subjected to calcination during 
the course of its manufacture, small proportions. 1-5 per cent, 
of zinc oxide are usually present. Lithopone, therefore, has 
the average composition; ZnS 30-0 per cent., ZnO I'o per 
cent., BaSOi 6 q’ 0 par cant. It is prepared by double decom¬ 
position of solutions of zinc sulphate and barium sulphide, 
the latter being obtained by calcination of barytes with 
coal or other carbonaceous matter. The precipitate is 
filtered, washed, and dried, but to increase its density and 
opacity and to reduce Its oil absorption, it is subsequently 
calcined to a white heat in crucibles in the presence of 
air-excluding agents, e.g. sulphur or ammonium chloride, 
and finally chilled in cold water. The pigment is then 
filter-pressed, washed, and dried. 

Since more than two-thirds of the pigment consists of 
barium sulphate, a body of low opacity and low oil absorp¬ 
tion, it might at first sight be regarded as a diluent or adul¬ 
terant, diluting the valuable ]uoperties of the zinc sulphide. 
But inasmuch as the zinc sulphide is precipitated along 
with the barium sulphate, quite a different product is obtained 
from that prepared by mixing the two constituents together, 
and indeed lithopone actually possesses a higher opacity 
than any known wdiite pigment. It is generally considered 
that the particles of barium sulphate are adsorbed on the 
individual zinc sulphide particles, thus giving* it enhanced 
properties over that of its constituents. 

Lithopone has a specific gravity about 4'25, and an oil 
absorption of about 8 per cent. As already stated, it is the 
most opSque of all white figments, whilst its staining or 
" killing ’’ po-^er is considerably greater than that of white* 
lead. It is quite non-poisonous, a property which befits 
it particularly for use in paints for toys. In addition, it 
possesses little or no basicity, and it can in consequence be 
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used withou^fear of “ feeding ” wi^h the most acid media; in 
fact, it is quite stable wheft vssd with a meiiugi consisting 
mainly of rosin. The fineness* or subdivisipn of lithopone 
is about equal to that of w^iite lead. ■ 

The weather resistance of lithopone in paints, however, 
leaves nnicli to be desired, ahd ])restnt-day practice has 
practically unanimonsly condemned its use in paints for 
outdoor work, failure of the paint film occurring very early. 
Opinion is divided as to whether this failure is due to vulcani¬ 
zation of the oil in the medium by the*agency of the zinc 
sulphide with consequent progressive loss of elasticity, or 
oxidation of the zinc sulphide to soluble sulphite or sulphate 
with resultant disintegration of the film. An important draw¬ 
back to the use of lithopone, especially where the article 
coated is exposed to much direct sunlight, is the tendency 
of many samples to darken under these conditions. This 
darkening is not permanent, but disappears when the source 
of light is removed for some little time, only to return on 
repeated exposure. No satisfactory explanation of this 
phenomenon has been advanced, but it is recognized that 
the change, whatever it is, is jrroduced in the zinc sulphide 
part of the product. Moisture is essential for its appearance, 
carefully dried samples sealed in glass tubes being quite 
stable. Many patented processes claim to produce litho¬ 
pone having no tendency to alter in sunlight, and it is only 
fair to state that many manufacturers are now producing 
this pigment without its usual attendant disadvantage. 
Lithopone finds its principal use in the paint industry in 
interior paints and enamels and in water-paints (distemper). 
By far the largest outlet, hoWever, is in the rubber and 
linoleum industries, its stability at the temperature of 
vulcanization particularly fitting it for use in the former, 
whilst its non-reaceivity to acid oxidized oil and rosin render 
it useful in mixing with linoleum cement for “ inlaid ” work. 

The Fileees and Extenders 
These are substances used either to adulterate paints 
for the purposes of cheapness or to confer some special 
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properties other than tkat of tinting or oj^city. What 
might at fi*st sight be regarded as coming under the head of 
adulteration is,often necessjiry, a specific example of which 
will make the case clearer. WJhilst in fine painting work, 
such as coach painting, the body or thickness of colour 
applied is not considered when a])plymg that particular 
coat in which coloration, as distinct from filling c" bodying 
concerned, the«house-decorator needs not only to produce 
obscuration of his under-ground but to obtain thickness by 
applying the minimum number of coats of jjaiut. Taking 
the case of such a colour as lamp-black, chosen in particular 
on account both of its high tinctorial power, high opacity, 
and high oil absor})tion, the use of a pure or “genuine" 
paint would hardly be practicable where the above case is 
considered, as either the paint would have such a consistency 
as to be almost a jelly, or, in the case of a suitable consistency 
being obtained by low pigmentation, the paint film would 
be too attenuated. Thus an inert filler, such as common 
4 \’hiting or barytes, is used in order that the phj'sical pro¬ 
perties of the paint may approach those of the more normal 
pigments, the quantity of black pigment employed being 
merely sufficient to secure adequate pigmentation and opacity. 

Another case of employment of inert pigments or 
extenders is that of the so-called lake pigments. In lake 
pigments the inert filler takes precisely the same place as 
the fabric in dyeing, i.c. it serves as a base or recipient 
for the lake, without which the lake would be useless. 

Barytes and Blanc Fixe.—These two fillers, although 
as similar in composition as a natural ore and an artificial 
product may be, differ greatjy in their physical properties. 
Common barytes consists of crushed heavy sp'ar (BaSOJ, 
which has been levigated or water-floated to free it from 
coarser particles. In cases,where rnucli impurity in the 
form o^ iron oxide is present giving Wie barytes a yellow 
or reddish tint, it is bleached by treatment with hot dilut'e 
sulphuric or hydrochloric acid, the purified product being 
subsequently washed‘and dried. The colour of barytes 
should be carefully attended to when buying, since the 
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pigment find^one of its principal applications in the dilution 
or “ reduction ” of white leaS. • The writers haverfound that 

• f 

many samples of apparently pu:|je colour indipating freedom 
from iron develop yellownesf after rubbing with linseed oil 
and allowing to stand an hour or two, and this test is 
recommended when a determination of iitin is not considered 
expedient. 

The specific gravity of barytes varies from 4'2 to 4’5.* 
and the oil absorption from 6 per cent, in the coarser samples 
to 9 per cent, in the finest. This pigment is particularly 
inert, both chemically and pln'sically, there being jiractically 
no tendency to pass to any degree into colloi 5 al solution in 
the medium. Hence barytes should not be used alone with 
pigments of similar tendency, as settlement to a hard cake 
in the bottom of the container is likely to occur. 

The inactivity of barj'tes and its low oil absorption places 
it in the front rank of importance as a diluent of paints, 
since the majority of these are sold by weight. It is the 
recognized standard for “ reducing ” or diluting white lead, 
in the trade, the various reductions being known as No. i 
White head, No. 2 White Lead, etc., according to the 
relative proportions of genuine white lead and white barytes 
used. Although commonly regarded as nothing more nor 
less than an adulterant, a moderate proportion of barytes is 
regarded by many authorities as an improvement to many 
paints, the crj'stalline nature of the particles offering a good 
surface for repainting, whilst films of paint containing 
barytes suffer less contraction as they age than is the case 
when pure white lead has been employed as the pigment. 

Barytes possesses little or no' opacity, and is practically 
deficient iir “killing” power, hence it is possible to 
“ reduce ” such pi ''merits as greens with barytes with little 
loss of purity of colour. . , 

Blanc fixe, or precipitated barium sulphate, differi rather 
nlarkedly in its physical properties from natu'ral barytes. 
It is prepared by precipitation of barium chloride by sul¬ 
phuric acid. Certain samples are liable to be imperfectly 
washed, when the traces of free sulphuric acid remaining 
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may have a very advert influence on the r/ihit into the 
compositioji of which it eaters' for obvious reasons. The 
characteristic differences between blanc fixe and barytes are 
the amorphous condition and ^ner state of subdivision of 
the former. These manifest themselves in greater oil 
absorption (15 per >cent.) and a higher degree of opacity. 
The opacity, however, is so low that the pigment cannot be 
employed in any capacity than that of an auxiliary one, 
and it finds its principal application in serving as a base for 
the striking of dyes to lakes. It has in addition a useful 
field of application in reduction of pure strong colours 
such as ultramarine and Pnissian blues, when the light- 
reflecting ])ower or visibility of the hue becomes api)arent 
without manifestation of undertone or production of 
“ muddiness.’’ This property is most probably comparable 
to reduction of pigmentation in an oil/piginent system 
without simultaneous reduction in solid matter content, 
i.c. viscosity. 

o Whiting.—Whiting is a naturally-occurring form of 
calcium carbonate found as chalk deposits in the south¬ 
eastern counties of England. Ivxamined microscopically, it 
is found to consist of the skeleton remains of various species 
of Foraminifera, a marine organism. Commercial whiting 
consists of chalk which has been ground and levigated in 
water. It has a specific gravity of 2'65. Whiting finds little 
application in oil paints as a pigment on account of its low 
opacit}^ whilst its high oil absorption (about 15 per cent.) 
does not render its use economical as a filler. It finds its 
principal application, however, when ground to a .stiff paste 
in linseed oil as putty. It* also forms a valuable pigment 
in water-paints, where it appears to function aS a pigment 
of high opacity on account of its difference of refractive 
index from that of the meditun present ia the dried film. 

A fdim of artificial whiting knowm a* precipitated chalk, 
or under itg trade term of “ barytes ^substitute,” found 
considerable application during the war when barytes was 
scarce, and was produced as a by-product from the process 
of water softening. This precipitated chalk was distinctly 
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ctystalline in* structure, of better'colour thau the natural 
article, and of rather lower oil'apsorption. ► 

Alumina or Aluminium Ifiydrate.—Alumina is pre¬ 
pared by the precipitation of ammonia alum or aluminium 
sulphate with ammonium hydrate, the gelatinous precipitate 
being filter-pressed, washed, and dried. 'It forms a volumi¬ 
nous, white powder, which is exceedingly transparent when 
mixed with oil. On this account it finds little or no applica*- 
tion in paint pigments, its use being entirely restricted to 
pigments for use in printing inks, where great transparency 
is desired. It is there used as a base for precipitating coal- 
tar colours to form lakes. 

China Clay or Kaolin.—China clay is a hydrated alumi-- 
nium silicate corresponding approximately to the formula 
Al2032Si022H20. It occurs as a disintegration product of the 
granite rocks of Cornwall in this country. China clay, on 
account of its high oil absorption and transparency, is of little 
value as a pigment in oil paints, nevertheless on account of 
some obscure property of appearing as a water-protected 
suspensoid when mixed with oil, it not only remains in good 
suspension, but inhibits settlement of other pigments, e.g. 
barytes, red lead, etc. It is principally used, however, as 
the main pigment in water-paints or distempers, its function 
as an electro-negative colloid in aqueous media, the stability 
of suspension of which is increased in presence of alkalies 
(OH' anions) befitting it especially as an ideal pigment. 

China clay also finds application as a base for the pre¬ 
cipitation thereon of coal-tar colours intended for use in 
transparent oil pigments for printing inks or water-paints. 

Silica.—Although this substance can hardly be classed 
as a pigment, it enters very largely into the composition 
of many types of paint where its distinctly crystalline 
structure renders* it especially valuable in conferring 
“ tooth ” or “ bite to an otherwise smooth or soSpy pig- 
fnent. The most valuable varieties of silica f8r use in the 
paint trade are obtained by crushing quartz and fractionating 
into different degrees of fineness* by screening. Silica 
from quartz is to be distinguished by the wedge shape of 
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the crystals when exammed microscopically, In this con¬ 
dition silica forms an invalttahle base in the preparation of 
wood fillers for, filling up tfie grain of open-grained woods, 
when the crystals form witllt the, binding medium aggregates 
possessing great rigidity. Sjlica possesses little or no opacity 
when mixed with ofl, and its oil absorption varies with its 
fineness of division. 

Yeixow and Orange Pigments 

a 

Lead Chromates, Lead Chromes or Chrome Yellows, 

—The lead chromates are obtained by i)reci])itatiou of lead 
acetate or nitrate with potassium bichromate. A great variety 
of tints ranging from a pale primrose to a deep orange-red can 
be obtained by modifying the conditions of the precipita¬ 
tion. Most of the paler tints contain varying amounts of 
lead sulphate which must not be regarded as an adulterant 
but as a necessary adjunct in obtaining the light tone. The 
4)reparation of the different tones of chromes: primrose 
chrome, lemon, middle and orange chromes, and Derby, 
Persian, and Chinese Peds [q.v.) is somewhat complicated 
and carefully guarded as a trade secret by the manufacturers. 
In general, it may be stated that the redder tones of chromes 
are obtained by increasing the basicity of the product 

The yellow and orange chromes are the most important 
of the yellow pigments, being possessed of a great degree 
of opacity and staining power. They are very fast to light, 
and fairly stable in acid fumes, but in common with all lead 
pigments are blackened by sulphuretted hydrogen. They 
should therefore be used w;th caution in acfmixture with 
sulphur-containing pigments such as ultramarine. They 
are not as a rule employed in distemper paints on account 
o^ the tendency of the free alkali to i^irflige their tone to a 
reddislfhue. The lead cljromes are usett alinost exclusively 
for the manufacture of green pigments in combination witfi 
Prussian blue. 

Barium Chromate or Barium Chrome. —Thispigment, 
sometimes known as lemon chrome, is little used nowadays 
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on account o( its low opacity and poor staining power. It 
has the advantage, however, ove^leai;! chromes in Its stability 
to sulphuretted hydrogen. ^ , 

Zinc Chromate or Zinc Chrome.— This pigment is 
prepared by precipitation of zinc sulphate with potassium 
bichromate. It has a pale greenish-yellow colour and 
possesses relatively little opacity and a lower staining power 
than the lead chromes. It is valuable, however, in forming 
a green of particular beauty in combination with Prussian 
blue, the distinction from lead chrome greens being probably 
based on its relatively higher staining power than trans¬ 
parency. 

Yellow Pigments from Coal-Tar Dyes. —These have 
little importance at the present day in the paint industrj- 
on account of their poor opacity. They are derived from 
mono-azo dyes, of which Hansa yellow is a well-known type. 
On account of their stability to alkali they find some 
application in distempers. 

The Yellow Earth Pigments or Ochres. —The yellow 
ochres owe their colour to the presence of hydrated iron oxide, 
which is present in the earth in conjunction with silica, 
alumina, lime, small amounts of manganese, and carbonic 
and sulphuric acids. Their tone, opacity, and staining 
powers vary considerably in a manner usually independent 
of their composition. The colour varies from a bright 
yellow in the case of ochres mixed in Oxfordshire and 
France to a reddish yellow in the case of those from Derby¬ 
shire, Cumberland, and Peru. The process of manufacture 
consists of crushing, levigation, and drying. 

The palest varieties are found in France, where they are 
treated in 'that country and arrive on the market with 
alphabetical titles supposedly designating their colouring 
properties, e.g. JV,' Jaune fin, JC Jaime clair, JFLS Jame 
fin lesse surfin, etc.^‘ They posses^, as a rule however, little 
opacity. 

The West of England mines produce a large amount of 
ochres of great variety, the characteristic of which, however, 
is their comparatively poor purity of colour, reduction with 
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white pigments showingjup a dirty reddish c,r brown cast. 
The most valuable stainingTotfhres come from the neighbour¬ 
hood of Siena in Italy, from which certain varieties are 
exported which yield tinti resembling yellow ochres on 
reduction. 

The Irish and South American ochres are characterized 
by high staining powers of'somewhat dull colour, in addition 
to which their high content in manganese (o 5 to 4'0 per cent.) 
render their use in high-class paints and enamels somewhat 
dangerous on account of the progressive oxidizing effect 
conferred on the medium. 

Red Pigments 

Mercuric Sulphide or Genuine Vermilion.-— These 
pigments are classified according to their method of prepara¬ 
tion as English, French, and Chinese vermilions, but their 
ultimate composition is not materially affected by their 
jnethod of preparation, although their physical properties 
of colour, etc., are thus influenced. The common method of 
preparation is by combination of metallic mercury and 
sulphur by heat to form the black sulphide which is then 
sublimed as the well-known red pigment. Vermilion finds 
little application nowadays on account of its expense, 
toxic properties, and tendency to settle out in paint (sp. gr. 
8’2). It is fairly permanent, and possesses good body and 
staining power. Its use is practically restricted to certain 
special purposes wdiere brightness and opacity are desired, 
the modern lake pigments having almost entirely super¬ 
seded it. 

The Red Lake Pigments.— The only natutally-occur- 
ring bright red pigment being vermilion, recourse has been 
ha^d to pigments obtained by preciph -tion of an organic 
dye on* an inorganic base. The dyes* employed for this 
purpose maj^ be classified into two varieties ; the naturally- 
occurring dyes, e.g. logwood, cochineal, and those derived 
from coal-tar products; e.g. the so-called coal-tar dyes. 

(a) Red Pigments fiom Natural Dycsiujjs. These 
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pigments are ^greatly diminishing ip importance of late years 
owing to their cost in com] 5 ar.ison with those obtained from 
synthetic colouring matters. Tlie only colouring matters of 
any importance used are thosi' of madder and cochineal, 
which latter is used to make carmine, carmine lake, and 

t*. 

crimson lake. Naturally-occurring madder has now been 
almost entirely superseded by synthetic alizarine, whilst, 
with the exception of carmine, which on account of its’cost 
is restricted entirely to use as an artist’s pigment, the other 
lakes prepared by precipitation of cochineal are too fugitive 
to be of any value in paints. 

(b) Red Pigments from Coal-Tar Dyes. These pigments 
are produced by the precipitation or “ striking ” of a water- 
soluble dye on a base consisting of blanc fixe, white lead, 
lead sulphate, orange lead, etc., by means of a mordant. 
The lake thus formed is thus analogous to a dyed fabric. 
The lakes derived from mono-azo dyes are the more numerous 
and important from the point of view of pigments. These 
dyes consist of the “ coupling " product obtained by conj- 
bination of a diazotized amine with a phenol, naphthol, 
amine, or derivatives of the same. Two of the most 
important dyes used for the preparation of bright red lake 
pigments are Lithol Red B and Paranitraniline Red, which 
are respectively sulphonaphthaleneazo-/ 3 -naphthol, and p- 
nitrobenzene-azo-^-uaphthol. The former forms perhaps the 
most important red lake pigment used in the paint trade, 
and is characterized by a great degree of fastness and 
insolubility in oil (“ non-bleeding ”). The paranitraniline 
reds, although very fast to light and of great brilliance, are 
liable to “ bleeding.” Many dcher important pigments are 
obtained from dyes, of which the naphthol sulphonic acids 
are the starting points. Helio Fast Red RB (“ Toluidine 
toner”) a derivative of «-ni);roparatoluidine-i:3:4, is also 
an important lake-producing dyestuff, and is ont of the 
'fastest to light. (For an accoun{ of the monc 5 -azo dyestuffs 
used in the manufacture of pigments, see Allsebrook, Proc. 
Oil and Colour Chem. Assoc., 1919, 3,14.) 

Madder, or alizarine lake, is obtained by combination of 
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alizarine dyestuff with ^Inminium hydrate. It forms a 
deep-red spmetvhat transparent* pigment wit^i a fine blue 
undertone, and is useful* in obtaining shades of maroon and 
rich purples, ft is extrem' ly fast to light, but is apt to 
retard drying of the medium. * 

The cosine lakes( or vermijionettes, are prepared by pre¬ 
cipitation of derivatives of riuorescein with lead or aluminium 
salts. Although.of very bright shade they are very fugitive 
to light, and it is the practice to minimize their fugitiveness 
by precipitating Uie lakes on lead bases, c.f;, wliite lead, 
lead sulphate, or orange lead. They are gradually being 
replaced by thh far more jrennanent naphthylamine reds. 

Derby Red, Persian Red, Chinese Red, or American * 
Vermilion.— -This pigment consists essentially of basic lead 
chromate, the details ‘of preiiaration of which, however, 
are jealously guarded as secrets by manufacturers. Their 
properties resemble those of the lead chromes, but their 
red colour is dependent on their crystalline form, since 
yiey readily revert to orange or yellow pigments by loss 
of their crystalline structure on grinding. This latter 
disadvantage, coupled with their coarse structure and 
somewhat dull colour, results in their comparative unim¬ 
portance as red pigments. American vermilion, as it is 
termed in the United States, enjoys a certain popularity 
as a rust-inhibitive pigment in that country. 

The Iron Oxides Reds.— Many of these are naturally- 
occurring, but with the exception of the pigment known as 
red ochre, they are also obtained artificially by calcination 
of yellow ochres, waste iron liquors, ferrous sulphate, etc., 
whilst bearing a similar a^ipellation irrespeclive of their 
method of preparation. 

Of the iron oxides, red ochre possesses but little import¬ 
ance. It is a red oxide of .iron with a.Fe203 content of 
about A) per cent., and small quantity have been mined 
in Yorkshire.* 

Indian Red was the name originally given to a very pure 
form of red iron oxide ffound in India, but the term is now 
applied to iron oxides produced by calcination of iron liquors. 

s. 
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Three varieties of Indian Red are recognized in the trade, 
known as light, middle, ar^' deep. The Fe^Os content 
varies from about 50-95 per ceni. The Indian reds are 
characterized by a very high d ^gree cf opacity and staining 
power, and in consequence of their careful preparation, are 
finely divided pigments employed in high-class practice. 

Spanish red oxide is a naturally-occurring iron oxide 
mined in Spain. Being of rather coarse texture, arid of 
fairly low iron oxide content (20-40 per cent.), its use is 
restricted to coarse red oxide paints fcr the protection of 
metal work and generally where fineness is not a primary 
consideration, such as for “ backing ” in linoleum manu¬ 
facture. It is considered by many authorities to be a 
powerful inhibitor of rust. 

Red oxide of iron is a generic term covering the classes 
of iron oxide of medium FcjOs content, whether of purely 
natural origin or obtained by calcination of yellow ochres. 

Venetian Red is a name sometimes given to the above- 
described red iron oxide, but generally speaking, the tern 
is usually applied to artificially-prepared iron oxides pro¬ 
duced by heating precipitates obtained by the interaction 
of ferrous sulphate with slaked lime. They consist, therefore, 
of mixtures of ferric oxide and calcium sulphate, to which 
barytes is sometimes added to still further reduce the cost. 
Venetian Red has a brighter colour than light Indian Red, 
and possesses a staining power and opacity roughly pro¬ 
portional to its iron oxide content. 

Turkey Red, scarlet red, rouge, and colcothar are the 
purest form of bright oxides of iron obtained by calcination 
of iron liquors. A few varieties of naturally-occurring 
oxides found in the West of England pass under the designa¬ 
tion of Turkey Red. Turkey Red usually contains from 
95-99 per cent, of ferric oxide, and possesses a very high 
degree of both opacity and staining power. These reds 
fetch the highest prices ruling on the market'for iron oxide 
reds, and their use is, as a rule, restricted to purposes where 
very high opacity is needed in a paint or enamel or for use as 
Stainers. In conjunction with madder lake very rich deep 
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reds are obtained, the high opacity of the ir^on oxide red 
compensatiMg for the transparency of the Jake. 

The red oxides are exceedingly permanent to light and 
most chemical agendas, Waen Jhe artificial varieties of the 
oxides are carefully prepared, i.e. free from either lime 
originating from tli? precipitant or sulphuric acid left as a 
residue from decomposition of the sulphate, they arc very 
inactive to the medium. The presence of traces even of 
sulphuric acid, however, is very deleterious, and often explains 
the retardation of flrying which occurs in paints containing 
them. 

Orange Lead.—Although rarely used directly as a pig¬ 
ment this product is one of the most important bases used 
for the precipitation of dye lakes. It is obtained by roasting 
massicot, the oxide of’lead obtained by decomposition of 
white lead, in suitably constructed chambers with access of 
air. In addition to its slightly more orange tint, it differs 
from red lead in its higher content of Pb02, wdiich is obtained 
b,y similarly oxidizing litharge, the fused variety of lead 
oxide prepared directly from the metal. This factor is 
indirectly of importance in correspondingly reducing the 
proportion of free PbO, an undesirable constituent on 
account of its basicity and consequent reactivity with acid 
media. 

Red lead is but rarely used as a pigment alone, its main 
application being that of an addition to white lead or 
priming paints for reasons which are not very apparent, but 
are most probably the result of custom. 


Brown Pigments 

Raw Sienna is a name given to a class of earth pigments 
of brownish-yellow colour. 11116 original pigment was found 
near Siena in Italy, but, the pigment* is also mined in 
Devonshire, Cumberland, and in America^ Sienna resembles 
yellow ochre in composition, but does not possess quite 
the opacity, whilst its ‘staining pow'er is higher. Its use, 
therefore, is restricted to that of a Stainer. 
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Burnt Sjenna. —Burnt sieni>a, as its name implies, is 
obtained by calcination of «tKe raw variety. ^ It has an 
3range-brown colour and in its staining strength resembles 
raw sienna. Both varietie^s art quite'fast to light. 

Raw and Burnt Umbers.,— These are distinguished as 
Turkey umbers and English umbers', the former being 
mined in Cyprus, and being the most valued on account of 
ts strength and purity of colour. Kaw umber varies m 
:olour from a yellowish-brown to a dark-brown, the burnt 
[variety (obtained by calcination) linvingc. somewhat warmer 
hone. In comjiosition they resemble highly manganiferous 
achres, the manganese content reaching as high as 20 per 
cent, in some cases. The umbers are of good opacity and 
high staining power, and are quite permanent to light. 
Dn account, however, of their high 'manganese content they 
must be used with caution. Crude unground umber is used 
by the oil boiler as a drier for dark-coloured oils, both iron 
and manganese going into solution in the oil. 

Vandyke Brown, Cassel Earth, and Cappagh Browp. 
—These pigments are naturally-occurring earths found in 
Germany and Ireland. In composition they resemble umber, 
but contain in addition a bituminous substance from which 
they probably derive their colour. Vandyke brown is not 
very fast to light, and is so transparent that its use is entirely ■ 
restricted to that of a stainer, in which respect it finds 
considerable use when ground with either water or oil for 
conferring a walnut colour to wood. 


PURPI,E Rgments 

Apart from the lakes obtained from purple dyes, for the 
description of which the reader is referred to the larger 
text-books, an orfidy of iron o-f brownish-purple tint is found 
on the market. This is known as Purple Brown 6r Purple 
Oxide of Iron. It 'is usually obtained by calcination of iron 
liquors, and when thus made does not differ markedly from 
deep Indian red. It occurs naturally in the West of England 
mines. 
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Blue Pigments 

* 

Prussian Blue. —series of pigments iirepared by inter¬ 
action of alkali ferrod^-anide* aiijl ferricyanidcs with ferrous 
or ferric iron salts are of grecit importance in the paint trade. 
The different varieties, which differ in their shades according 
to tlje materials used and different conditions of preparation, 
come on to the fnarket under various names.* Although 
the generic name of Prussian blue serves to distinguish 
jiigmeiits composed of basic iron in combination with the 
acid radicles fcyrocyanogcn and ferricyanogcn, the name is 
often applied to a particular shade and strength of pigment. 
Chinese blue or bronze bine is considered the finest of these 
colours, and is distinguished by its bronze cast, which 
causes it to fnd much favour in the manufacture of printing 
ink. Prussian blue is a second grade of Chinese blue. The 
names Paris blue, Antwerp blue, Berlin blue, Milori blue 
represent varieties slightly differing in shade from Prussian 
Blue, and are names but little used in the paint trade. 
Brunswick blue is a reduced Prussian blue, i.c. a mixture 
of Prussian blue and barytes. 

The Prussian blues are pigments of a very high degree 
of staining power, but possessed of little opacity. They 
are fairly fast to light, but have the curious jiroperty of 
bleaching 011 exposure to strong light and regaining their 
colour in the dark. They are resistant to acid fumes, but 
are decomposed readily by alkalies, changing to the reddish- 
brown colour of ferric hydroxide. Care must therefore be 
exercised that they are not used in combination with pig¬ 
ments liable to contain alkalj material, such ds whiting or 
China clay. Prussian blues are therefore inadmissible as 
pigments in distempers. 

Alttioujih Prussian blues were formerly prc^luccd nearly exclusively 
from potassium^icrTocy3.mde of ferncyanide, diliiculty of obtaining 
potash during the war led to the preparation of these blue pigments 
from the iron-cyanogen compounds of sodium. Since a small but definite 
proportion of adsorbed alkali salt forms an integral part of Prussian blues, 
the substitution of sodium ftir potassium is not without effect on the hue 
of the resulting pigment, the sodium blues falling behind those from 
the potassium salt m the beauty of their tones. 
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Ultrama|[ine Blue. —Originai'-ly this pigment was ob¬ 
tained from its natural source'of lazuli, and'is stated to 
be still obtained from this mineral for use a? an artist’s pig¬ 
ment. It is a very inlporta^^t pigment,' and is manufactured 
artificially in very large quantities by roasting a mixture of 
silica, China clay, sulphur, sodiuni carbhnate, and sulphate. 
Its ultimate constitution is not knowm, and the different 
varieties which vary considerably in their tone differ in their 
chemical composition. 

Ultramarine is a pigment of exceedingly bright blue 
colour which varies from a greenish-blue to a deep bluish 
violet. It does not possess great opacity, and is not so 
strong in staining as Prussian blue. It is very fast to light 
and alkalies, but is immediately decomposed on contact 
with acids with discharge of the colour and liberation of 
sulphuretted hydrogen. Ultramarine is liable to contain 
small quantities of free sulphur, and on this account must 
not be used in combination with lead pigments which give 
a black sulphide. Ultramarine is occasionally liable to 
retard drj-ing, probably on account of its free sulphur. 

Lime Blue is an inferior variety of ultramarine often 
reduced with China clay, which is used as the principal 
blue pigment in distemper. The name was originally 
applied to pigments prepared by jjrecipitating basic copper 
with lime, but which, however, are now obsolete. 


Green Pigments 

Brunswick Greens, of which several tints are made, and 
sometimes designated as light, nViddle, deep, and extra deep, 
consist of "a mixture of Prussian blue and chrome yellow. 
The cheaper varieties are made by reducing the above with 
barytes. The chrome yellow (lead chromate), when replaced 
by the more transparent zinc chromate, yields a green of 
{leculiar beauty, which, when combined with yellow ochres, 
or umber, yield a series of fine olive greens. The Brunswick 
greens are pigments of high staining power and good opacity, 
combining the properties of their two constituents. 
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Chrome Green or^Guignet’s Green.— This is a 
hydrated chroihium oxide >pfep*ared by hea'fing together 
potassium bichromate and boric acid. It finds its principal 
application as a pigment for ^ ndiarubber as it withstands the 
temperature of vulcanizatiorf and the action of sulphur with¬ 
out losing its coloui*. It is very fast to light and chemical 
agencies, but is of too poor a body and too dull in colour 
to co'mmend itself for use as a paint pigment. 

Emerald Green. —This pigment consists of aceto-arsenite 
of copper, and oi> account of its poisonous properties is 
practically obsolete as a painter's pigment. Its principal 
use is as an insecticide. It is characterized by a very high 
degree of permanence and high opacity, whilst its bright hue 
is unequalled by any. other pigment. 

The Green Lakes have not found any extensive appli¬ 
cation in the paint industry on account of the superiority of 
the Brunswick greens. Lakes from malachite green, naph- 
thol green, etc,, struck on green earth (see below) are used 
i^i distempers on account of the non-resistance to alkali of 
the constituent Prussian blue in Brunswick green. 

Green Earth is a naturally-occurring earth consisting of a 
hydrated silicate of magnesium and aluminium and containing 
small amounts of iron. The bulk of it is mined in Germany, 
but a certain amount is found in this country. It has a 
dull green colour, and has little opacity or staining power. 
It is very fine in texture and forms a good adsorbent or base 
for basic dyes which can be precipitated thereon without a 
mordant. 


Black Jigments 

The black pigments used by the painter are, in all cases 
buj; one, varieties of carbon black qbteined by burning 
organic substances in an atmosphere deficient in oxygen. 

Black Oxide of Iron. —Black oxide'of iron, Fe304, is a* 
naturally-occurring pigment found' in ochre deposits in 
England. 'Whilst it possesses neither the transparency nor 
the staining power of the carbon blacks, it finds some 
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application in paints on account tpf its comparatively low 
oil adsorption (about 30 per ctn},.). ^ >’ 

Gas Black consists of a crude form of parbon obtained 
as a by-product in gas work^. ]k is tliC poorest of tie carbon 
black pigments and finds but little use in paints. Its main 
application is in colouring mortar and cc'ment. 

Lamp Black and Vegetable Black.— Lamp black is 
obtained by the incomplete combustion cf various oils ill 
specially-constructed chambers. It is graded into high and 
low qualities by the distanee at which the particles are 
allowed to deposit from the combustion chamber. The 
finest variety, known as vegetable black, is relatively free 
from adhering decomposition products of the oil used which 
would exercise a retarding action of the paint into the com¬ 
position of which it enters. I.amp black is a very permanent 
pigment of high opacity and .slaining pow'er. On reduction 
with white pigments it gives cold greys. 

Drop Black or Frankfort Black. —Drop black, so-called 
from the practice, now becoming obsolete, of placing it cm 
the market in tear-shaped masses agglomerated by means 
of a weak solution of size, is obtained by heating twigs of 
trees, etc., in a closed vessel and subsequently washing and 
drj’ing the carbonized residue. It is a black of very intense 
colour, but of a low'er degree of strength than the other 
varieties of carbon blacks. It is rapidly being superseded 
by vegetable black and carbon black. 

Ivory Black and Bone Black. —As its name implies, 
ivory black is obtained by heating ivory waste in closed 
vessels in the same manner as drop black. Bone black is the 
carbonaceous- residue from thp 'distillation of bones in the 
manufactute of bone oil or Dippel’s oil, but in many cases 
the term ivory black is used indiscriminately for both 
varieties. Ivory biagk is a black of very intense colour, apd 
is chiefly prized ofi this account, being little used as a 
Staining pigment. 

Carbon Black.^ —Carbon black is formed by the ignition 
of American natural gas from the sources in the neighbour¬ 
hood of Pittsburg, under suitable conditions of limitation of 
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access of air. It is tlie purest form of carbon pigment 
kno-wti, averngiAg, ftom ■pet'ceiaf. purity. * It possesses 
exceptionally lii^li stainifig jwwer and opacittt and its use 
is becoming increasingly ex'^ensive. It differs from lamp 
black in giving warm brownf on* reduction with white pig¬ 
ments. It is of exceedingly fine.texture, and works well either 
in oil or water, being devoid of either oily or aqueous impurity, 
it is’used for the,manufacture of high-class black enamels, 
where its fineness of texture renders it especially valuable. 
(Perrott and Thiess*en, /. Ind. Eng. Chon., 1920, 324.) 


Paints, I'.namels, and Distempers (Water-Paints) 

There exists no Iiard-and-fast distinction between the 
three classes of products enumerated above, paints and 
enamels especially being terms somewhat indiscriminately 
used in many cases for a similar class of product. Distemper 
or water-jiaint, also known sometimes by the American 
a^ipellation of " Kalsomine,” differs rather more in its 
com]iosition, in that the bulk, or sometimes indeed the whole 
of the fluid portion of the contained medium consists of 
water. The three classes of product, however, are char¬ 
acterized b)' the fact that they are de.signated for use as a 
decorative as well as a protective purpose, distemper or 
water-paint, however, possessing little or no protective 
action for reasons to be entered into later. A more strict 
definition of the three representative classes of products 
intended for decorative coverings, however, will be given. 

Paint, or " ready-mixed paint,” as it is commonly 
termed, consists of a suspension of a pigment or mixture of 
pigments in a medium consisting of raw' or boiled linseed or 
other drying oil, the rate of drying of which has been acceler- 
a1^d bv addition of a drier, the fluidity having been reduced 
to a practicable consistency for application by means of a 
small amount of turpentine or turpenrine substitute. The 
primary object of the contained pigment in paint is to confer 
the desired colour to, or obscuration of the ground covered. 
There are, however, certain other characteristics of paint 
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which warrant its consideration fri^ a standpoint other than 
that of mereJy a pigmentetl linseed oh. In'thctlirst place, 
it is a well-known fact that the film obtained by allowing 
linseed oil to dry on a surface h^dly possesses those qualities 
of hardness, iinpermeabilify, tveather-resistance, etc., re¬ 
quired to adajit it to serv^e as an efficient protective coating. 
The porosity of dried linseed bil has been discussed in 
another chapter, and the origin of this ^lorosity is Aiosfr 
probably to be found, on the one hand, in the intrinsic 
nature of the film or, on the other hand) in the expansion 
and subsequent contraction in volume which the film 
suffers during and subsequent to its setting to a solid. 
The partial retention of the volume of the film is obtained 
by the presence of the pigment w.hich acts similarly 
to the inert matter which is addeti to various cements. 
Another point of importance is to be found in the hardening 
action conferred by the pigment on the film, acting as it 
does sometimes by chemical action in forming a heavy 
metal soap (lead liiioleate, zinc linoleate, etc.), or merely by 
physical effect (silica, barytes, etc.). Finally, owing to the 
two-phase solid-liquid system created, effects of surface 
viscosity would result in a thicker film being applied 
than would be possible in the case of the un])igmented 
medium. Consideration of the attainment of obscuration 
or decorative effect by the jjresence of the pigment has 
been touched upon in an earlier chapter and need not be 
entered into beyond that arising out of the physico-chemical 
effects produced by absorption of certain rays by the pig¬ 
ment.* Thus the inhibition of absorption of ultra-violet 
rays and degradation to waves of longer wave-length has been 
obtained in coatings intended for aircraft, by the use of 
aluminium powder. 

In actual pra(;tice, however, the attainment of the 
necessar>' properties, of a paint devolves almost enthely on 
the pigmentation of* the medium ‘to a degree fiecessary to 
obtain a reasonable opacity, colour, and fluidity (ease of 
application). Thus, it is obvious that very light pigmentation 

• Eng. Pat. 131,641/1918. 
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with a finely-divided " active,” i.e. basic pigment, such 
as zinc oxide, would be suffij.'ibnt to overcome* the porosity 
due to sub-micrpscopic pores, whilst the ever-present slight 
acidity of raw or boikdil linseed oil would result in the forma¬ 
tion of a metallic soap wli'cli W’ould confer an increased 
hardness to the filnf. However, pigmentation beyond this 
stage is always attained in paints, and the limit is bounded 
by the point at which excessive addition has the effect of 
leaving the pigment in an insufficiently bound state. This 
latter condition mtiy be one of several degrees ; the first 
stage of which^ would be represented by the condition in 
which the paint film would dry with a surface devoid of 
gloss (“flat paint”), but with a considerable degree of 
hardness and resistairce to wear, rigmentation to a further 
degree, however, w'oiilcl ultimately result in the dried film 
being in a powdery condition due to insufficient cementing 
medium. Beyond the degree of pigmentation above referred 
to as necessary to fill the sub-microscopic pores of the linseed 
oil film, further introduction of pigment results in diminished 
impermeability to gases and moisture. This point is borne 
out by the results of some unpublished experiments by one 
of the authors. Wlien paint films of different degrees of 
pigmentation were examined for their permeability to water 
vapour, it was found that, beyond the point at which drying 
resulted in a matt coating being obtained, a very great degree 
of permeability resulted, intermediate degrees of permeability 
being roughly proportional to increasing pigmentation.* 

In practice it is found that the degree of pigmentation 
necessary in white paints is arrived at by obtaining that 
balance of pigment to mediu))i when a maximum opacity is 
produced without impairing more than is nec&ssary the 
protective action of the film, or, in other words, its impermea- 
bijity. This latter point is >udged by, the relative gloss on 
the dried film since it i,s, obvious that* high pigmentation 
reduces the gloss of the film. ' * 

At this stage it is necessary to introduce the subject 

* See also A. de Waele, Proc. OU and Colour ChemisU' Association, 
99 , 2, 13, 106. 
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of a qualifying factor when referring to “ relative pigmenta¬ 
tion.” In the chapter on Pi^'ments, the meahing of the 
term oil absorption has been explained as that minimum 
proportion of oil nccessaiy' to |ransfofin unit weight of dry 
pigment to a definite paste, 'taking as a specific instance 
two pigments of extreme oit absorjitions—white lead and 
carbon black, having oil absorptions of 8 per cent, and about 
250 per cent, respectively—it is obvious‘that the relative 
pigmentation of two paints containing, in the one case, 
white lead, and in tlic other, carbon black, will to a certain 
extent be dependent on this factor of oil absorption. Thus, 
a white lead “ ready-mixed ” ]>aint containing 30 lbs. of 
raw linseed oil per 100 lbs. of jiignient will be relativel}' less 
pigmented, i.c. better “ bound ” with medium than a carbon 
black paint having the same relative proportions of pigment 
to medium. A carbon black ])aint of relatively similar 
pigmentation to the wdiite lead paint of the composition 
described would therefore contain considerably more oil 
although the relationship is not directly ])roportional to the 
relative oil absorptions of the two pigments.* 

The question of the application of the two systems of 
uses of pigmented coatings, under their respective designa¬ 
tions. of paints and enamels, will be dealt with next, in 
order to show the differentiation between the two products. 
The classification into paints, on the one hand, and enamels 
on the other, is more easily grasped when the two classes 
of products are regarded more as materials employed in 
different systems of protective decoration than merely as 
different products. Considering first of all the problem of 
the protection of a surface, preferably wood, the various 
factors arising in the fiiiishcd coating are :— 

(i) Obscuration of underground and pigmentation. 

(ii) The application of a weather-proof and wear-prqof 

layer to isolate the uudeyground from the destruc¬ 
tive influence of W'eather, abrasion, elc. 

(iii) The production of a final layer on the surface of 

such a finish as to hide the’physical imperfections 

* de Waele {loc. ctt.), p. 115. 
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of the underground, c.g. holes, cracks, grain of 

w^od* etc. , ♦ • j ' 

In the system of ust of paints, all three objects are 
obtained siinult'aneoi;sly as far as the perfection of the 
product renders it possibkj b>* repeated ai)plications of 
layers of paint of nearly similar composition, obscuration 
being dependent on the use'of a sufficient number of layers. 
•IThe Veather resistance and resistance to mechanical wear 
obtainable is, however, limited by those properties intrinsi¬ 
cally found in the Hiedium used, both raw and boiled linseed 
oil, however, not being very efficient in this respect. The 
third factor of“‘finish," depending as it does on the final 
attainment of a plane, porcelain-like surface, whether glossy ’ 
or otherwise, is impossible of realization in a paint of the 
composition referred to, for reasons which wall be entered 
into when discussing enamels. It is necessary to remark, 
when considering the system of ajiplication of paint, that 
although no actual differences arc usually made in the 
composition of the materials used in the different coatings, 
in the initial or priming coat a paint of somewhat different 
physical properties is required. The reason becomes apparent 
when the first coating is applied to a very absorbent 
surface, e.g. wood. Owing to the capillarity of the wood 
cells it is necessary to apply a coating which will not 
only penetrate the grain of the wood to form a “ key ” for 
the next coating, but that this coating, once dried, shall 
not be so reduced in its " binder ” or oil medium by capillary 
attraction of the wood cells that it will jiowder off. This 
end is attained by pignienting the jiaint somewhat more 
lightly in order to ensure* more available medium whilst 
reducing the viscosity, or, in other w'ords, incteasing the 
penetrative power by diluting the oil medium more largely 
with volatile thinner (turpentine or turpentine substitute). 
A’proportion of red lead along with tlie, white lead or other 
pigment chosen is usually added, with the alleged object 
of promoting oxidation of the oil deep in the cell layers. 

In the system of .painting by application of enamels, 
however, the three desiderata required in the protective 
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coating are obtained severally by successive application of 
layers of di'fering physical- properties and composition. 
The priming or first layer as a'’rul(L differs little in composi¬ 
tion from that used in ordinary paints, although it must 
be stated that since enameiS a{e usually sold as proprietary 
preparations of the different manufacturers and their com¬ 
positions are not divulged, they allow of more ingenuity 
being exercised in their preparation with a view tO the 
attainment of a more efficient sealing or “ priming ” coating. 
Thus, in the first place, it will readily be, conceded that the 
necessity for obscuration to a degree beyond that necessary 
for convenience in application in this coating is hardly 
necessary, whilst, on the other hand, a quick-setting film, 
drying without a gloss, but leaving a surface with a better 
“key” or surface for subsequent coating than would be 
afforded by amorphous pigment particles is desirable. This 
end is attained by choice of a suitable medium and incorpora¬ 
tion therewith of hard-setting pigments, e.g. white and red 
lead, together with pigment possessing good “ bite ” or 
“ key,” e.g. silica from crushed quartz. Improvements are 
also obtained by incorporating with the product sub¬ 
stances which reduce the tendency of the heavier pig¬ 
ments to settle in the container, e.g. China clay, asbestine, 
etc. 

In the subsequent coats, a layer of sufficient thickness 
to cover over any imperfections existing in the grain of the 
wood is required. Here, again, the necessity for obscuration 
or pigmentation is not paramount, the requirements of a 
comparatively quick-drying, well-flowing coat of reasonable 
thickness being of more impsrtance. These objects are 
obtained by the use of specially-treated media with a degree 
of pigmentation consistent with moderate porosity. Solidity 
or hardness of the^ coating is obtained by choice of suitable 
pigments nsually without regard to their colour. ‘A gdod 
kSolid foimdation obtained as aboVe is regarded in practice 
as the basis of decorative work, a levelling-off to a plane 
smooth surface being attained by ^he practice of cutting 
away surface imperfections with pumice, etc., and 
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water, leaving a stone-like ground for the application of the 
succeeding cr dfecorative Copts'! ’ ‘f 

Actual pigmentation'is produced in the coatings next 
considered, white being taken under this heading for pur¬ 
poses of convenience. In Ithis’ coating, neither weather- 
resistance nor impeTineability. need be considered, as these 
requirements need only be’ present in the final or surface 
iayer. The pigmenting or “ colour ” coat should consist 
of a pigment or mixture of pigments of maximum strength 
(tinctorial power cr opacity) ground in a medium which, 
although not limited in the proportion of drier it contains by 
any considerations of weather-resistance (excessive amount 
of driers being detrimental to lasting properties in an 
exposed film), should, however, not be siecatued to such 
an extent that any appreciable solution in the final or 
protective layer occurs. A very fine degree of subdivision 
of the pigment and drying of the coat to a “ flat ” finish 
is necessary, since no surfacing by flatting with pumice, etc., 
is permissible on account of the comparative thinness of the 
layer. The point as to the necessity for application of 
enamel to a ‘‘ fiat,” t.c. granular or toothed surface, should 
be emphasized here, as it is a well-known fact that com¬ 
paratively impermeable coatings, such as glossy enamel or 
varnish, do not hold or “ key ” well to glossy undercoats. 

The final, or protective, layer merits special consideration. 
A system of coatings has been described, so chosen that their 
successive application furnishes practically a continuous 
layer intimately bound with and extending into the cells of 
the wood, of such a thickness that the surface imperfections 
of the ground on which they hre applied is completely covered 
and of a solidity and hardness consistent with the require¬ 
ments for which the article coated is to be subjected. In 
addition, a surface layer, has been obtained of a richness of 
pigmentation only limited by the intrinsic physical pro¬ 
perties of thh pigments contained in the colour coat. In' 
consideration of the weather-resisting and elastic properties 
of oil varnishes, it might be concluded that a layer of such 
would afiord the degree of protection against weather and 
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wear which is required to complete the structure, and such 
it would prtfve to be, werb ii jjot for the fa'ct tfiat in many 
colours or schemes of decoration 'the delicacy of the tints 
are such that the colour, conferred byithe succeeding ooat of 
od varnish, would be suffidientj to destroy the purity of the 
colour effect desired. At the same time, it must be pointed 
out, that in the high-class practice of the coach painter, 
when pale colours or delicate tints are not at issue, fimshing 
by means of varnishes is usually juactised. 

The use of the finishing coat of glossy enamel, however, 
finds its main application in the case of the pale and delicate 
tints referred to, white enamel being an imirortant variety 
and forming a class of its own. The finishing enamel, there¬ 
fore, consists of a medium jiossessing, special properties of 
weather-resistance and flow, ])igmerfted to just such a degree 
that the natural yellow' or amber colour of the varnish is 
overcome. There are many difficulties connected with the 
manufacture of such a product which are readily realized 
when it is considered that of all the white pigments for use 
in white enamel, pure oxide of zinc alone is suitable on 
account of its fineness of subdivision and susceptibility to 
forming to a great extent a colloidal suspension in the 
medium. Zinc oxide, being a very actively-basic pigment, 
readily forms combinations with the gum-resins existing in 
oil varnishes, with resultant increase in viscosity in many' 
cases to a degree rendering such pigmented varnish unsuit¬ 
able for use. There are, in addition, certain physical 
desiderata of enamels connected with their flow, on applica¬ 
tion, etc., which can hardly be discussed here, and which 
make the manufacture of such products a branch usually 
left to aa expert. In general, however, it may be stated 
that the composition of glossy enamels lie in the following 
directions:— . 

The Medium. T-Whilst in ordinary ready-mixeti pamts 
*^the media consist of raw or boilefi linseed oil, •such products 
would not possess the necessary physical or chemical pro¬ 
perties required in an enamel for finishing. The instability 
of oxidized raw or boiled linseed oil has already been 
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discussed, au(l a consideration of the figures for variation 
in weight wjth time show* tJjat* disintegrations of the dry 
film sets in very rapidly* after the maximum increase in 
weight due to dxygeij absorption has taken place.* In 
addition to this, the comparat vclf low viscosities, or, rather, 
the surface tensions saf both raw and boiled oil, would not 
result in that freedom of flotv on apialication of the enamel 
t 4 jat is desired in (jnainel surfaces. Thus, relatively greater 
stability to atmospheric inlluences, together with increased 
viscosity and surface-tension, are attained by the employment 
of a medium in which the oil jaresent is more or less in the 
form of polymetized molecules. .Such would be found in 
both oil varnishes and linseed oil thickened by heat (“ stand 
oil”). On account of the high acidity of the gum-resin 
present in oil varnishes, and the basicity' of the zinc 
oxide pigment which is exclusively used for the jfigmenta- 
tion of the best rvliite enamels, a medium consisting wholly 
or almost entirely of stand oil is to be preferred, as the 
reaction between the acid resin and the basic pigment, 
resulting as it docs in undue increase in viscosity of the 
medium, needs to be regulated by further addition of volatile 
solvent with conserpient low volume-concentration of fixed 
medium in the film applied. 

Certain manufacturers, however, employ gum varnishes 
containing kauri gum for their media, the resin from such 
having, in contradistinction to others, quite a low acid value 
after ” running ” or fusion. Of recent times, processes 
have been patented for obtaining neutral gum-resins for 
varnish making by forming glycerin esters of the fused gum- 
resins,! whilst certain manufacturers have been, successful 
in employing glycerin esters of’colophony as substitutes for 
gum-resins. In general, however, “ stand oil ” hardened with 
a small proportion of elastic gum varnish ii used, although 
marPy pjeducts are on the market in which the medium 
consists of specijlly-treated ' stand oil ” de^'oid of gum-resin. 
The principal advantage of the media of the pure ” stand oil ” 
type is in their need for a tower proportion of volatile thinner 

* Cf. pp. 41 and 45. f Eng. Pats. 23054 and 23,055 o£ 1914. 

S. 10 
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to attain a similar viscosity when compared with gum- 
resinous media This latte; fa9tor in the media of the " stand 
oil ” type reacts favourably on the dow of the coating applied, 
in addition to resulting in a thicker film being obtained 
after evaporation of the v 61 atfie solvent. 

The Pigment. —In the case of w hite or pale-coloured 
enamels derived from white, the pigment used is exclusively 
zinc oxide, the porcelain-like effect of the dried cbating 
being unobtainable with any other white pigment for the 
reasons previously stated. To obtain fair opacity with 
overcoming of the slight colour of the medium to obtain 
a pure white, a degree of pigmentatiori in the neigh¬ 
bourhood of 65-75 ])arts of medium (free from volatile 
thinners) to 100 parts of zinc oxide is necessary, a lower 
degree of pigmentation yielding a poor white and a soft 
film, whilst a higher degree impairs the gloss and flow of 
the enamel. 

The case of enamels of a colour other than white and 
tints derived therefrom would require separate considera¬ 
tion for each pigment, and is beyond the scope of this w’ork. 
Certain general principles, how'ever, hold over the whole 
range of pigments. Thus, the maximum degree of pig¬ 
mentation referred to above must not be exceeded. The 
“ activity ” of the pigments used needs to be very specially 
considered, particularly those which have a tendency to accele¬ 
rate oxidation, since an undue rate of oxidation in a highly 
glossy film will manifest itself as a loss of gloss due to a micro¬ 
scopic reticulation of the surface owing to volume changes, 
etc., before any appreciable deterioration of elasticity, etc,, 
takes place. Another cause of loss of permanence in gloss 
is oil-solubility (“bleeding”) of certain lake pigments, 
notably that of madder. The relatively low opacity or 
tinctorial power of certain pigments is also a source of 
difficulty, since the degree of pigmentation has to oe main¬ 
tained strictly within a limit. <■ 

The Volatile Thinners. —Tittle need be considered here 
in particular relation to enamels. American turpentine is 
the solvent’usually[chosen on account of its better properties 
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of volatility, small distillajion range, and solvent. action 
over that o:& its* substitutes. {Tlie higher cost fieed hardly 
be considered in view of the comparatively low proportion 
present in enamefs. • 

Manufactu«e of Paints and Enamei.s 

From the foregoing description of the functions of 
ftiintst it will readily be conceded that to obtain those pro¬ 
perties of smoothness permitting of their employment in 
the manner describfd, the question of efficient subdivision 
and thorough amalgamation of the constituent ingredients 
will be paramount. From elementary physical considera¬ 
tions, it will be apparent also that the most perfect amalga¬ 
mation of solid and liquid phases would be obtainable by 
minute subdivision of the pigment, this condition favouring 
the formation of a maximum surface of the latter. Thus, 
the functions of paint-making machinery are, firstly, that 
of the obtainment of solid/liquid pastes of as high a degree 
of dispersion of the former as possible, i.c. fineness of 
grinding, and, secondly, even distribution of the solid phase 
in the liquid, i.c. thorough mixing. 

The paint manufacturer proper is not concerned with 
the business of the preparation of his jiigment in a suitable 
state for grinding into paint, this being the domain of the 
pigment maker, hence paint makers’ pigments arrive on the 
market in a more or less finely divided condition. The 
grinding of pigment in the medium, however, has for its 
object that of the breaking down of agglomerates of fine 
particles and the isolation of the latter from each other by 
a skin or layer of medium. vSuTiti an effect cannot be obtained 
even with the finest of pigments by capillarity alone, a con¬ 
siderable degree of pressure being necessary to obtain the 
effect. Hence, a consideration, of the psintiple underlying 
the various types of plaijt used for grinding pigments 
in oil. will short that in every case the” effect aimed at 
is the bringing together under pressure of a thin layer 
of pigment and mediums Generally speaking, the manu¬ 
facture of the finished pahit from the raw materials, 
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pigment, oil, and volatile tliinn/?r, divides itself into three 
stages:— ' j' ' f 

(1) The preliminary incorpora'tion of the solid pigment 
with the oU to form a paste of pigment-agglomerate with 
oil. In more modern machinery, the agglomerate is partly 
broken down in the preliminarj' stage. " 

(2) The subdivision of the oil pigment-agglomerate to a 
finer state. This may be accomplished in one or two s^age?.' 

(3) The dilution or thinning of the paste to a fluid paint 
of workable consistency. It is obvious that it would be 



inexpedient to perform the jiftual grinding, asdn Stage II., 
to a fluidity other than the stiffest, if only on account of 
the lesser weight of material to be treated. 

The mechanfsnr of the operations involved will best be 
understood by reference to descriptions of the macliinery. 

Stage I.—Preliminary Mixing of the Pigment with Oil. 
In this stage the mechanism of the process consists in the 
forcing of the cohesion and capillary attraction between the 
medium and the pigment agglomerates without, however. 
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of volatility, small distillajion range, and solvent. action 
over that o:& its* substitutes. {Tlie higher cost fieed hardly 
be considered in view of the comparatively low proportion 
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Manufactu«e of Paints and Enamei.s 

From the foregoing description of the functions of 
ftiintst it will readily be conceded that to obtain those pro¬ 
perties of smoothness permitting of their employment in 
the manner describfd, the question of efficient subdivision 
and thorough amalgamation of the constituent ingredients 
will be paramount. From elementary physical considera¬ 
tions, it will be apparent also that the most perfect amalga¬ 
mation of solid and liquid phases would be obtainable by 
minute subdivision of the pigment, this condition favouring 
the formation of a maximum surface of the latter. Thus, 
the functions of paint-making machinery are, firstly, that 
of the obtainment of solid/liquid pastes of as high a degree 
of dispersion of the former as possible, i.c. fineness of 
grinding, and, secondly, even distribution of the solid phase 
in the liquid, i.c. thorough mixing. 

The paint manufacturer proper is not concerned with 
the business of the preparation of his jiigment in a suitable 
state for grinding into paint, this being the domain of the 
pigment maker, hence paint makers’ pigments arrive on the 
market in a more or less finely divided condition. The 
grinding of pigment in the medium, however, has for its 
object that of the breaking down of agglomerates of fine 
particles and the isolation of the latter from each other by 
a skin or layer of medium. vSuTiti an effect cannot be obtained 
even with the finest of pigments by capillarity alone, a con¬ 
siderable degree of pressure being necessary to obtain the 
effect. Hence, a consideration, of the psintiple underlying 
the various types of plaijt used for grinding pigments 
in oil. will short that in every case the” effect aimed at 
is the bringing together under pressure of a thin layer 
of pigment and mediums Generally speaking, the manu¬ 
facture of the finished pahit from the raw materials, 
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butter-like paste, both on account of its rapidity and the 
perfection of the results obtained. In the ’Torrance Patent 
Silent Quadrant Roller Mill (Fig. t 8 ) we have a combination 
of three granite rollers geared at diSerential and increasing 
speeds from back to front (feed to delivery) through quad¬ 
rants, i.c. intermediate spur wheels, enclosed in oil-baths, 
thus allowing for wear of griu'ding surfaces without corre¬ 
sponding “ bedding ” of their respective gears. A lateral 
motion is imparted to the middle roller by a differential 



Fig i8.— Torrance “ Patent Silent Quadrant “ Roller Mill. 


gear simila.r to that on the reac axle of an automobile, thus 
ensuring, even wear of the rolls and avoidance of ridges. 
The material from the mixer (Stage I.) is fed by hand or 
from a hopper pn to the back (slowest) roller, whence it 
travels by contact to the middle, and finally to tne front 
(fastest) roller, a ductor or scraper removing it after treat¬ 
ment. Fig. 19 shows the Torrance Combination Mill 
embodying the pan-mUl automatically delivering to a pair 
of roller mills in tandem. It is necessary to remark that a 
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combination of more than three rollers in a roller mill 
has, in genetal, not been found ffxptdient owing principally 
to the resulting overcofning of adhesion by centrifugal 
force 911 the deliVery toll in consequence of its high speed. 
It is to be noted that the toller mill described is 
designed for treating a paste as distinct from a paint of 
workable consistency. Thfe is no disadvantage, since 
Kduefion of a gnjund paste to a working consistency is 
easily accomplished by simple agitation without further 



Fig. 19. —Torrance & Sons’ Patent “ Combination ” Mill. 


disintegration, and, moreover ^such treatment in' the paste 
form is actually advantageous from the point of'view of 
rapidity of output. 

for the satisfactory grinding to a stiff paste of pigments 
in two mutually immisciblg media, i.e. oil and water, such 
as obtains in ‘“patent driers,” the fiat stone mill consisting 
of two granite discs superposed in a horizontal plane, the 
lower one being fixed and the upper being revolved, is used. 
The contact faces of the stones are grooved in order to allow 
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passage of the material from tlie^ centre feed to the delivery 
at the circumference. ' ‘ ‘ 

Although the triple granite Aller mill ha^ practically 
supplanted every other type of mill for the purpose, the 
cone mill (Fig. 20) stdl ffnds some favour, mostly for the 
preparation of small trial batches of'paints and enamels, 
although some manufacturers still retain it under an impres¬ 
sion as to its greater efficacy in producing subdivision. Ki 
general, however, it may be stated that, apart from laboratory 

use, t its main function 
lies in the direction of 
the grinding of pigments 
in volatile media, e.g. 
sjyrit varnish paints, 
"pigmented “ dopes,” etc., 
where the large surface 
exposed on the roller mill 
would be inadmissible. 
The new “ Disc ” miU of 
Messrs. Torrance & Sons 
(Fig. 21) is an improve¬ 
ment on the cone mill 
principle, in that both 
a rotary and an eccentric 
motion is imparted to 
one of the grinding sur¬ 
faces of the granite 
stones. 

Stage III. Apart 
from the consideration of economy and speed of output, 
the “ dilution ” of the ground paste paint to the finished 
product can well enough be accomplished by hand. One 
type of mixer (seq Fig. 16) which has been previously re¬ 
ferred to as a mixer for amalgamating dry pigrnent and 
medium, is equally applicable for thiiming 'the paste to a 
working consistency. 

The degree of treatment necessary to produce pastes of 
a sufficient degree of subdivision depends on both the 



Fig. 20.—Cone Grinding Mill. 

(a) Hopper ; (/>) Upper Grinding Face ; 
(c) Lower Grinding Face, Collect¬ 
ing Channel (spout not shown); [e) Ad¬ 
justment. 
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nature of .the pigment and the purpose of the product. An 
insufficienay df grinding, jesifltiifg in the appearance of 
aggregate ^particles of larger size than in the bulk, will 
obviously not fiave arch an importance in a paint intended 
for-the protection of farm buildings, etc., as in that for a 
glossy enamel. Nevertheless, uniform and fine subdivision, 
resulting as it does in the presentation of a minimum of 



surface for- a given area co-vljred, always tends towards more 
adequate protection. 

The manufacture of enamels does not differ in kind 
from that of paints exceptiijg that the grinding treatment 
in the former case is always carried to » greater degree, and 
correspondingly more care is exercised “in the manufacture.* 
Since, however, certain types of enamels require grinding 
in a special medium, often eontaining an appreciable quantity 
of volatile thinner, the plant used for grinding must be 
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chosen with due regard to the minimization pf loss of 
thinner by eraporation, ’ extreme cases,'thei cone mill, 
with its lesser area of grinding Surfaces exposed during 
operation, must be used in place of the roller mill. 

Since, as stated above,' paints are products intended 
to perform all the functions desired in a coating, as dis¬ 
tinguished from enamels in which each function, i.e. filling, 
priming, undercoating, and finishing, is represented separJitely«“ 
over a number of coats, the coni2)osition of the former 
products requires somewhat special consideration. Thus a 
paint should possess reasonable opacity, tinctorial power, 
flow, viscosity, and surface tension, and the*attainment of 
all these objects in one product is often a matter of some 
difficulty. The properties of the con-pnon pigments have 
already been referred to (see chaptel on Pigments), so that 
a recapitulation of the principles governing the choice of 
ingredients in a paint will be all that need be recalled at 
this juncture. Without purporting to form any but a very 
general classification, the subdivision of paints under tlje 
headings of their various basic colours will form a scheme for 
their consideration with regard to the ])rincipl es referred to. 

White Paints.—Since in pigments of this colour, opacity 
and staining power, although not synonymous or necessarily 
of the same order, are always present together, a white 
paint may consist of one or a mixture of the common white 
pigments, raw or boiled linseed oil, drier and volatile 
thinner. The addition of “ inert ” pigments, other than in 
a proportion necessary to confer “ tooth ” or crystalline 
structure to an otherwise too soft pigment, c.g. zinc oxide, 
must be looted upon as an adulteration. As detailed under 
“ Manufacture of Paint,” the paint in its paste form is thinned 
to a working consistency (“ ready-mixed paint ”) by means 
of more oil and volatile thinners. These latter additions 
must be made with due regard to the physical profiertits 
Viesired in the finished product, too small an »idition of oil 
resulting in a deficiency of flow, whilst too much oil added 
results in poorness of body, etc. Qenerally speaking, the 
amount of thinner in the finished paint is a fixed proportion 
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relative to the total oU present. The addition of thinner 
regulates tlie thickness of ^he'filfn applied varying its 
viscosity. The proportion of drier to be added to a paint 
will j^e dependent Qii the drydng power desired and the 
intrinsic enhancing or inhibitinfj properties of the pigment. 

“ Tinted ” white pigments, i.c. pale tints, are usually 
prepared by addition of llie tinting pigments ground in 
»pastt form to th^ ready-mixed paint. 

Red and Brown Paints. —The bright red paints, e.g. 
“ Post Office Reii” “ Signal Red,” ” Cardinal Red,” etc., 
are obtained by dependence for tinctorial power on the 
lake pigments {g.v.), vermilion finding application only in 
special cases, owing to certain undesirable properties which 
it possesses and to it^ expense. The red lake jiigments, how¬ 
ever, although of high staining power, possess, as a rule, 
. relatively little opacity, since the majority of them are 
struck on a transparent base, i.c. blanc fixe, alumina, etc. 
The opacity of these pigments, however, may be increased 
by precipitation of the dye on a base of high opacity such 
as orange lead, white lead, or lead sulphate. The employ¬ 
ment of lakes jirecipitated in the latter manner is the 
expedient usually resorted to in the manufacture of paints, 
but the presence of lead in the base mitigates against their 
successful employment in glossy enamels. Increased opacity, 
therefore, in the latter class of product is usually obtained 
by employment of a red lake precipitated on a comparatively 
transparent base in conjunction with a proportion of inert 
filler such as blanc fixe, having for its object the pro¬ 
duction of a thicker coating of increased opacity without the 
corresponding alteration of Hone which w'ould be obtained 
by addition of an opaque pigment such as white lead, etc. 
The question of “ bleeding ” of certain red lake pigments 
applies rather more in the case of glossy enamels, as the 
solubuity of the organic dye often adversely influences the 
gloss, rate of drjfing, etc. 

, Whilst the production of satisfactory paint and enamel 
products of bright red. colour is one of the most difficult 
propositions in the paint industry owing to the somewhat 
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unsatisfactory nature of the dyes at our disposal, the 
natural and artificial edrth oxides offer a "wide range of 
.products for the production of pairtts and enamels of a high 
degree of fastness to light and good opacity. The staining 
power and opacity of such'a pigment as Turkey Red is of 
such a high degree tl}at considerable reduction of the same 
with an inert filler is expedient. Intermediate shades of 
maroon, purple brown, etc., are obtained by combinhtion'- 
of lake reds with iron oxide pigments. 

The naturally-occurring and artificiaky-prepared oxides 
of iron, having contents of FejOs from 10 per cent, upwards, 
form the basis of the iron oxide paints that are so largely 
used in the protection of iron structures, their permanence 
and supposed rust-inhibiting effects mij.king them especially 
popular in this respect. It should be stated, however, that 
some varieties of iron oxide reds prejrared by ignition of iron 
sulphate are liable to retard drying of paints, probably 
owing to their persistent retention of free sulphuric acid 
and soluble salts. The addition of basic lead chroma.te 
(“American vermilion”), zinc chromate, red lead, and 
zinc oxide to iron oxides is stated to render these paints 
rust inhibitive.* 

Yellow Paints.—The bright yellow paints are almost 
exclusively prepared from lead chromates. The chromates 
of zinc and barium are never used alone for the production 
of yellow paints on account of their relatively low opacity 
as compared with those of lead. Owing to the unnecessary 
thickness of coating applied and their high opacity, lead 
chromates are commonly reduced with inert pigments such as 
barytes, in the manufacture of ptints. They are usually good 
driers and possess good permanency, excepting in the presence 
of acid or sulphurous fumes, a failing common to all the lead 
pigments. 

The naturally-occurring ochres place at the disposal'of 
"the paint manufacturer a wide range of pigments for the 
production of paints and enamels of a more subdued yellow 
than those described above. Some varieties mined in Italy 

• Cf Gardner, " Paint Researches," 1917, p 116. 
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possess exceptionally high staining powers and opacities, 
the tones obtained by thetr redftctfon with pigjnents of high 
opacity closely simulatirtg those obtained from the chrome, 
yello-^s. The yellowi ochres represent perhaps the most 
permanent of pigments. * 

Green Paints.-*-The various shades of green in paints 
are almost exclusively obtained by a combination of bine 
'and'yellow pigments, the jiigment compounds possessing 
a green colour, -per sc, viz. emerald green and oxide of 
chromium finding* very restricted application for reasons 
already explained. The brighter shades of green are 
obtained by combination of lead chromates and I’russiaii 
blues, the high opacity of the former and high staining 
power of the latter p^irticnlarly fitting the combination as a 
strong compound p)igiherit. Gjreens made on such basis 
■ (“ Brunswick greens ”) arc fairly fast to liglit, the fugitive 
comjjonent being the Prussian blue, which has a tendency 
to bleach on ex])osure to light, the original colour, however, 
rtj;urning in the dark. The duller shades of green, viz. 
olive green and bronze green are obtained by substitution 
of chromates of zinc or barium in the one case, and bright 
yellow ochres in the other, in place of lead chromate. 

Blue Paints.—The colour of these paints is exclusively 
obtained from ultramarine and Prussian blues. Keither 
pigment possesses a high opacity, and since alteration in tone 
to a muddy colour results by reduction with opaque white 
pigments, it is the practice to obtain satisfactory' coatings 
by reduction with inert transparent fillers, the result of 
which is to increase the thickness of film applied. The 
intensity of colour (depth 6r low light-reflectiifg-power) of 
these pigments being very' great, reduction is ah^ays prac¬ 
tised, as otherwise the quality of the colour is not airpareiit. 
The varieties of ultramarine ^ind ferroayanogen blues place 
at the disposal of the pi^int manufactufer a wide range of 
tones ranging,•in the case of ultramarine,' from a greyish-blue 
to a reddish-purple, and in that of the ferrocyanogen blues 
from a greenish-blue te a deep blue of pronounced bronze 
tint. Paints containing much ultramarine blue are often 
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found to be “ bad driers,” the precise reason for which is 
not accuratelf’- known, the suggestion of the presence of 
free sulphur being a popular explanation. Ferrocyanogen 
blues, however, are good driers, the slight solubility of iron 
in the medium used being a probable explanation. 

Black Paints.—^I'he several black pigments used in 
paint and enamel manufacture have already been described. 
The black pigments all possess the general characteristic 
of comparatively high staining powers when eompared with 
other staining pigments, in addition to which they possess 
considerable opacity. These characteristics, taken in con¬ 
junction with their very high oil absorptions, make it 
inexpedient to employ them as sole pigments in paints. 
They are therefore used in conjunction .with other pigments. 
Indeed, their high staining j)ower, generally speaking, is 
such that it is possible to incorporate quite large proportions 
of opaque ])igments such as white lead into black paints. 
The high degree of perfection of flow required in glossy 
enamels makes it necessary to exercise great care in the 
selection of black pigments for these preparations, the large 
proportion of adsorbed oily impurities in lamp black having 
a very adverse effect on the flow and drying properties of an 
enamel containing it. 

Commercial Paints.—When speaking of paints in the 
foregoing pages, “ ready-mixed ” paint or paint of a con¬ 
sistency ready for application containing the necessary 
driers is understood. Nevertheless, the larger users, such 
as the public bodies, railway companies, etc., are in the 
habit of purchasing paint in the state of stiff paste, the 
ultimate users, i.e. the craftsiijen employing the material, 
thinning down the paste themselves to a working consistency 
with oil and thinners and adding the necessary driers. It 
has already been shown that the necessary' grinding takes 
place entirely in the stage preliminary to thinning, so that 
such a practice is of no disadvantage to the consumer, and 
shows advantages in both economy of transport and possi¬ 
bility of storage without loss by evaporation or formation 
of skins, as driers are usually not present in the paste form 
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of paint. Such of the coach painting trade as have not 
adopted tlie system of deJorating by enamels,^also purchase 
paint in the paste form» wl^ereby they are enabled to thin 
down to a workihg consistency with any medium they choose. 

In regard to flat-drying paints, the ordinary' paste paint 
referred to would Jdc unsuitable, as the proportion of oil 
carried w'ould be in excess'of that which would dry with a 
»mat1? surface evey if the necessary thinner were to consist 
exclusively of volatile solvent. For such purpose, paste 
paints are productjd in which the grinding medium consists 
of a mixture of quick-drying varnish (goldsize) and volatile 
thinner. Suclf paints are variously known as “ turps 
colours,” “ ready-bound colours,” or ” colours ground in 
turpentine.” On account of their deficiency in non-volatile 
binding medium, care^ has to be exercised that undue 
. evaporation does not occur, or dShculty would be experienced 
in subsequently diluting to a thin consistency. 

Distempers and Water Paints 

* 

When decoration, or more strictly speaking, coloration 
of a surface without corresponding protection to an 
appreciable degree is desired, the employment of a dis¬ 
temper or water paint is resorted to. Such cases would 
arise in, c.g. interior decoration of walls, panels, etc. It 
is obvious that when mere coloration or obscuration 
of a surface is desired, the question as to the relation 
between pigmentation and impermeability will not arise 
in so far as the application of the principle applies to the 
securing of impermeability. Thus, pigmentation can be 
carried to a degree only limited by the binding power of 
the medium, i.c. the proportion of medium to pigment in 
the dried film need only be the minimum necessary to secure 
cohesion. Bearing this fact m mind, i^ k evident that the 
problem of the composition of a decorative paint is some¬ 
what simpler*than that of one in which impermeability,' 
etc., is necessary, by reason of the important fact that the 
medium in the dried coating being at a minimum, the influ¬ 
ence of closeness of refractive index of medium to that of 
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pigment (see above, p. log) in producing lack of opacity 
will not be sc^ great. To nitike tbis clear, we m;,.y consider 
the extreme case of a Him of pigment (piitc devoid of medium. 
Granting optical discontinuity in the jrartiOles of pigments 
themselves by great subdivision, we have therefore to con¬ 
sider an o])tical sy.stcni air/pignient, the low refractive index 
of the former in comparison with tliat of the pigment which 
we may take as being no lower than i’4,* acting foi the 
attainment of the maximum opacity or optical discontinuity. 
The increase of o])acity taking place asi,a film of whiting 
and water dries is thus explained. It should be remarked, 
however, that in consc(picncc of the fact tliut such ]iaints 
contain a proportion of non-volatile medium below that of 
their ipccijic absorption, the dried films obtained therefrom 
will be devoid of gloss. ^ 

The degree of binding medium, t.c. the reverse of “ rela¬ 
tive jfigmentation," varies considerably in the several 
varieties of water paints used commercially. “ Ifimewash ” 
and “ whitewash ” may be taken as being representative of 
the lowest members of the class, being merely aqueous 
suspensions of lime and whiting res])cctively. “ Lime- 
wash ” is used where disinfectant effect together with 
obscuration is aimed at, c.g. on the walls of cow-sheds, etc. 
“ Whitewash ” is used where temporary obscuration of a 
surface is desired, c.g. glass, ceilings, etc. However, neither 
of these jjroducts can strictly bear the appellation of water 
paints, owing to the absence of binding media in the dried film. 

The introduction of a proportion of binder together 
with an attainment of those projjerties of increase of 
viscosity, iaterfacial (]figment ipedimn) tension, etc., which 
characterize a suitable product are in one class of water 
paint obtained by the use of glue, glue-size, gum, dextrine, 
or starch. Such q paint results in a more evenly-distributed 
coating of greater jhickness than if water were used'aloAe, 
■ and under most conditions obtaining in protected situations, 
of great permanency. Comparatively little binder is neces¬ 
sary for a large amount of i)igment,^ so that the latter may 
* Cf. Gardner, “ I’auit Researches,” 1917, p. 43. 
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be chosen from a class possessing relatively low refractive 
indices, f.eXwhvting, Chinif day* ett., due rega^rd being had 
to their colour. China *clay (see chapter on Tigraents) is. 
largely use’d on' accoynt of its property of remaining sus¬ 
pended in a water medium over long jieriods. It is obvious, 
however, that since *no change occurs on drying of the paint 
applied, the dried film will remain^ soluble in water, thus 
initiating against its permanency in damp situations, or 
permitting of its cleansing by water when soiled. 

“ Washable water paint,” or true distemper, belongs to 
a class of improved product on that described above. The 
name is self-explanatory in that these products afford 
surfaces which are sufficiently bound and water-insoluble 
to permit of subjection to a mUd washing treatment. The 
insolubility of the dried film is commonly obtained by 
dependence on one of two principles. In the first, the 
binder consists of a ” solution ” of calcium caseinate, or a 
mixture of casein and slaked lime. Such preparations 
become insoluble on drying by reason of the transformation 
of the lime to carbonate, thus leaving the casein in its 
original (?) insoluble form. This latter class of ])roduct owes 
its popularity' to the fact that it is capable of sale in a powder 
form, addition of water to the consistency desired being all 
that is necessary to render it ready for use. 

The principle of the formation of an insoluble condition 
of the dried film in the second class is somewhat ingenious, 
although it is probable that the inception of the product 
arose empirically without any regard to the main cause of 
the function involved. These, the most insoluble form of 
water paint, .consist of suspentions of pigments in an aqueous 
emulsion of glue or alkaline casein solutions with drying 
oils. The oils are usually present in such proportions 
as to be entirely kept in permanent spspension and not 
visibly present in the dried coating. On exposure, the 
film first dries* by evaporation of its water, a secondary 
reaction of oxidation of the drying oil with evolution of 
volatile products causing, insolubility of the protein material 
glue or casein) to take place, and usually completing itself 
.s. * II 
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in 3-4 weeks. It is probable that an aldehyde; e.g. formalde¬ 
hyde, is the ^gent involved' wbicn causes stich Insolubility. 
The dried coating becomes then inioluble by reason of both 
the protecting influence of the water-insoluble solid drying 
oil and the insoluble form of protein. The presence of 
drying oil with a refractive index a^rproaching that of 
whiting and China clay, however’, necessitates their complete 
or partial substitution by those pigments which are 'com¬ 
monly used in oU paints (zinc oxide, lithopone, etc.). 

Other forms of washable water paints uontaining emulsi¬ 
fying agents are on the market, c.g. sulphonated oils, etc., 
but their description lies outside the scope of this work. 

Little need be said as to the manufacture of water 
paints. Since the purpose for which they are intended is 
usually that of the covering of a surface not specially pre¬ 
pared (plaster, brick, etc.), the imj)ortance of fineness of 
grinding is not great, apart from the fact that defects in 
surface are far less apparent in flat-drying than glossy 
paints. “ Dry distempers,” i.e. those sold in powder form, 
are prepared by mechanically mixing and sifting simultane¬ 
ously through a rotating horizontal sieve. Other distempers 
are usually sold in paste form and require thinning with 
water only to bring them to the required consistency. The 
pigments are then usually incorporated with the media by 
grinding under an edge runner (see Fig. 17). 

It is to be noted that on account of the liability to 
decomposition which aqueous preparations of glue, casein, 
etc., are subject, an antiseptic such as phenol, borax, etc., 
is added to the paste distemper. 



Section TI.—LINOLEUM, ELOOECLOTH, AND 
'•COEK CAEPET 

Linoleum, together with its sister product, floorcloth, 
differs froni paints and varnishes in its function of 
serving primarily as. a mechanical insulator and decora¬ 
tive coating and not,* strictly s])eaking, as a protective 
• agent against decay and corrosion. Its employment has 
of recent years assumed gigantic proportions, and on account 
of its hygienic properties, it is largely superseding caqjets, 
especially for public buildings, shops, etc. 

Linoleum was first manufactured a little over half a 
century ago b>- Frederick VV^alton at Staines, and it is curious 
to note that in spite of the manufacture of linoleum being 
now carried out in different factories all over the world, 
little, if any, change in the process of manufacture has been 
made since its first inception. 

The material is too familiar for a description to be given 
in these pages, but it may be as well to detail the various 
forms under which linoleum and its congeners are manu¬ 
factured. 

Linoleum consists of a tjmposition of oxidized linseed 
oil, resins, pigment, wood or cork fibre, mounted on a canvas 
“backing “ usually painted on the under side. It appears 
in^three forms : “ plain,” i.e. unicolonrtd ; “ inlaid,” in 
which a many-coloured tile,” floral, *or carpet pattern 
extends right flirough from the upper surface to the canvas;' 
and “ printed,” in which a superimposed painted design has 
been impressed on a ‘plain linoleum. All the varieties 
agree in that .the body of composition is of very definite 
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thickness, and can be detache(^ as a whole ^from the 
canvas. • r ' 

Floorcloth is merelj' canvas, such as is used for backing 
linoleum, with a varying number of eoats of coarse paint 
applied to both sides, the number of applications of paint 
usually (in the heavier grades) predominliting on the face or 
wearing side. The final face coat invariably bears a printed 
design. 

Cork Carpet is somewhat similar to linoleum in appear¬ 
ance, differing, however, in being far mot'fe sp'ongy to the 
tread and usually rough in surface. It is rarely printed on, 
or when such is the case, a light design is applied leaving the 
bulk of the groundwork visible. A further difference in 
cork carpet is the fact that because wood fibre has an inferior 
resiliency to cork dust the latter is always used, and the 
employment of coarse cork ensures such resiliency to a great 
degree. 


Linoleum 

As stated above, this product consists of a composition 
of oxidized linseed oil, resins, cork or wood fibre, and pig¬ 
ment. Linoleum owes its various properties to its several 
constituents as follows :— 

The binding medium consists of oxidized linseed oil, 
rosin, and kauri gum. The way in which each of these 
fimction and their method of preparation wUl be described 
later. 

The resiliency, and the sound- and heat-insulating 
properties are due to the corL dust and wood flour, the 
former being considerably the better for the purpose, but on 
account of its dark colour it is unsuitable for the lighter 
shades of inlaid linoleum in any but small proportions with¬ 
out the employment of such a large proportion of “ colour- 
kiUing ” pigment (white) as would diminish its resiliency 
to too great a degree. 

The colour is yielded by the pigment. Cork, when com¬ 
pounded with the binding medium, gives a brown colour. 
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The “natural-coloured,” or brown, linoleums are.the most 
lightly pigmented and consequently posses^ the greatest 
resiliency.^ As resilienc*^' goes hand in hand with specific 
gravity, those pign^nts of large volume or low specific 
gravity are chosen whichevef process is employed, the 
mineral filler or cBcapeiier selected being common whiting 
to the exclusion of baryte.s. 

llefore describing in detail the preparation and employ¬ 
ment of the several constituents entering into the composi¬ 
tion of linoleum,^ tt will be as well to give a brief note of the 
sequence of manufacture. On looking at a piece of linoleum, 
it is evident that the several ingredients have been incor- 
])orated diiring the course of manufacture in a state of greater 
plasticity than they appear in the finished article. In 
practice the binding fliedium is employed in such a state 
of plasticity that whilst sufficiently solid to maintain 
temporarily the form given to the intermediate or “ green ” 
stage of the product, its adhesion is sufficiently great to 
ensure the “ matured ” or finished product being coherent. 
Relatively little increase in solidity from the miniatured to 
the finished product is required in linoleum, whilst in floor¬ 
cloth, which is practically a paint, the article is manufactured 
in the state of a liquid suspension, becoming transformed 
when mature to a hard solid similar to a paint film of little 
resiliency. 

The Binding Medium.—Broadly speaking, two methods 
are in use for obtaining what is the main basis of the binding 
medium, viz. solid oxidized linseed oil. The first and oldest 
(“ scrim ” process) consists in subjecting a film of siccatized 
linseed oil on a cotton fabft^ to atmospheric oxidation, the 
solid oxidized surfaces being successively erri^loyed as 
undercoats for succeeding coats until a thickness of an inch 

or more is obtained. This oxidation is* carried out in “ oxi- 

• 

dizing sheds,” large buildings capable* of accommodating 
2000 or goefb cotton fabrics, 20 ft. by 3 ft. in area,’ 
suspended vertically and “flooded” with oil by means 
of an overhead travelling trough. The surplus oil drains 
into gutters.at the base of the building and circulates 
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for further flooding to the overhead trough by means 
of a rotary ptjmp (Fig. 22).' thorough flcodiifg is given 
every twelve or twenty-four hours <according to the drying 
activity of the oil and is continued un^jl sufficient thickness 
of film is considered to have been obtained. The tempera¬ 
ture in the oxidizing shed is maintained a little above the 
atmospheric in order to accelerate drying. The further 
treatment of the solidified oil is the same, in this and' the' 
newer “ shower-bath ” process to be described. 

The more effective “ shower-bath ” pr*o>2ess for effecting 
solidification proceeds, on account of mechanical expediency. 



A, Scrims m rack. B, Flooding troughs. C, Distribuliiig trough. 
D, Oil pipe. E, Pump. F, Cutter. G, Oil well. 


in two stages, the former giving the name to the process. 
The “ shower-bath,” as its name implies, consists of a large 
rectangular box-like chamber, an open-topped perforated- 
bottomed tank serving as a roof. The bottom part of the 
box serves, as a receptacle for the oil, 10 tons being the usual 
quantity treated at a time (Fig. 23). The oil, containing 
an insoluble drier ki.suspension (usually manganese borate), 
is run into the lower, part of the shower-bath, its temperature 
ibeing raised to 90° F. or thereabouts by steam pipes lining 
the sides. It is then continuously pumped over the perfor¬ 
ated roof by means of a rotary pump, the oil thereby falling 
into the chamber underneath in a continual rain. A fan 
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serves to change the air in the bodc' of the oxidizing cliamber 
as oxj'gen becomes absorbed and volatile oxidation prodncts 
are formed. The sho\v(*r-bath is ke])t in operation until, 
such time* (usdally 60-100 hours) as the oil becomes too 
thick to permit of efficient sdbdivision of the oil into 
streams. A graplMcal representation of the progress of 
oxidation in the sliower-btith is shown in Fig. 24. The 
•contfnuation of th^; oxida¬ 
tion process is then pro¬ 
ceeded with in (.another 
apparatus known as a 
‘ ‘ smacker. ’ ’ The smacker 
(Fig. 25) consists of a 
horizontal jacketed drum 
fitted internally w’kh 
. rotatory radial arms, of a 
capacity of about four 
hundred gallons. The 
thick oil is run into the 
smacker, the stirring gear 
started, steam ])assed into 
the jacket until the tem¬ 
perature of the oil reaches 
120° F., and common 
whiting added to the 
charge to an amount of 5 
or 6 per cent, of the oil. 

A device for circulating 
fresh air into the smacker 
is fitted to the body. 

Once started, oxidation in 

the smacker proceeds so rapidly that steam is shut off 
from the jacket and cold water passes in, in order that the 
temperature may not reach above 120°,F. Test cocks at 
the bottom of«the smacker allow of samples being withdrawmt 
at intervals. In about 20-40 hours the oil attains such a 
degree of oxidation th^t on cooling it will solidify to a pale 
yellow, rancid-smelling solid of about the consistency of 



A and C, Oil tanks. 

Oxidizing zone 
]), Oil suction pipe. 

It, Fresh air pipe. 

F. Outlet tor gas. 

G, Oil circulating pump. 
11, Oil cooler. * 
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common strong size. The “ smacked oil ” also possesses a 
slightly honeycombed strnctdre and is almost devow of greasi¬ 
ness. The honeycombed structure if then developed and the 
last traces of greasiness removed by warming to about i6o° P'. 
in sleam-heaied ovens fora few days. The effect of,the 
whiting is not very clearly understood, but it is possible that 
it serves the twofold purpose of'forming a calcium soap of 
the lower fatty acids formed by oxidafion and thereby. 



diminishing the tendency to undue development of heat by 
reason of the inhibiting effect of such soap, and also neutral¬ 
izing the fatty acids formed which would otherwise cause the 
finished oil to be too greasy. This neutralization would also 
tresult in the evolution of carbonic acid, thereby causing the 
honeycombed structure in the smacked oil. From this 
point onward in linoleum manufacture, the “ scrim ” and 
the Walton “ shower-bath ” processes are identkal. 
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Neither “ iJcrim oil” nor “smacked oil ” at this stage 
possesses tl^ necessary phj^si^al properties to permit of their 
being used^ as a binding medium. They both possess a 
certain degree o'f elasticity, but lack that adhesive quality 
or binding i)Ower necessary td hold together the other 
ingredients used, vte. cork dust, wood flour, and pigment. 
To form a medium for amalgamatipn of these materials it 
is neCessary to obtain a product of j)roperties very similar 
to uiivulcanized rubber in its warm “ tacky ” stage. To this 
end the oxidized oil* requires lobe converted into “ cement.” 


cementing ” process 



To understand the 
first of all refer to certain 
properties of the oxidized 
od. . If a piece of ei^ther 
scrim or smacked oil be 
cautiously heated to a tem¬ 
perature of 150° C., the 
solid oil will melt to a 
thick buttery liquid with 
evolution of considerable 
pungent acrid - smelling 
fumes. On maintaining 
the temperature, theevolu- 
tion of gas will cause the 
melt to rise, the pale yellow 
colour to deepen to dark 
brown, and finally the melt¬ 
ing-point is raised to such a point that, as effervescence dimin¬ 
ishes, the mass will be converted into a tough dark-brown 
elastic solid, of very similar •p^roperties to raw iildiarubber. 
In this latter stage the oil is in its optimum condition to 
serve as a binder for the other ingredients. The addition 
of otljer substances during the cementing p»ocess is, however, 
carried out in practice.* • 

The cementing process is carried out as follows. The 
cement pan (Fig. 26) consists of a steam-jacketed cast-iron 

• For the mechanism of tfie cementing process and the effect of added 
substances see A. Waele, Joiir. Ind and Eng. Chem., 1917, 9, 6. 


Fig. 25 .—Walton "Smacker.” 
A, Heaters. 

H, Water jacket. 

C, Air inlet fan. 

U, All outlet pipe. 

If, Oil charge valve. 

F, Oil discharge valve. 
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pan with a capacity of 200-400 gallons, fitted with either a 
vertical or horizontal stflridg ^eai and a sluice \falve at the 
. bottom. At the top of the pan isfan opening about twelve 
inches in diameter. In the case of th^" shower-bath process, 
the smacked oil is added'in large pieces weighing about 
fourteen pounds each, whilst in the •Scrim process it is 
considered advantageous to grifid the “ skins ” to a meal 
through steel rolls in order to disintegrate the contained 
cotton fabric. Steam is passed into the jacket, the stirrers 
slowly started, and when incipient fusi*« of the oil takes 
place, about 12 per cent, (of the weight of oil) of common 
rosin in the molten condition 
is added to the oil, followed by 
a similar a^nouiit of kauri .gum 
dust. Th6 changes detailed above 
take place as reaction proceeds,, 
and excessive rising is checked by 
increasing the speed of the 
stirrers. As “ bodying-up,” }.e- 
. . I g increase of melting-point, takes 

_J—place, the workman in charge of 
the process judges the point at 
which to discharge the contents 
of the pan and thereby arrest re¬ 
action. Towards the end of the pro¬ 
cess, reaction proceeds very rapidly 
and some considerable experience 
on the part of the charge hand is needed, as both under- and 
over-cementing are equally fatal to the production of a 
successful 'cement. A prompt arrest of the .reaction is 
facilitated by either tipping the contents of the cement pan 
on to the apex of a mound on a concrete floor or preferably 
by discharging the contents into a hopper leading to water- 
cooled rolls and thence into separate trays where cooling 
' takes place comparatively rapidly. " 

The preparation of the sheet consists subsequently -in 
mechanical treatments, the variations of which are adapted 
to the several varieties or patterns required. “ Plain ’’ 



Fig. 26.—Diagrammatic Re¬ 
presentation of a Cement 
Pan. 

A, Charging hole. 

B, Discharging valve. 

C, Steam jacket. 
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linoleum is the variety which demands the simplest treat¬ 
ment and ii^deed represent? in it?; nfode of manufacture the 
inelimiiiary stage in the uianufacture of all the varieties. 

The amalganlation^ of the cement, cork dust (with or 
withaut wood flour), pigments, aifd tiller (whiting), is carried 
out in steam-heated tnixers, the final formation of the sheet 
being obtained by passing thfe well-mixed compound through 
a pail* of rollers slowly revolving at different speeds. The 
thickness of the sheets obtained is determined by adjusting 
the “ set ” or distaoKe apart of the rollers. The rolled sheet 
is detached from the rollers by a “ doctor ” or scraper. One 
roll is internall^’ steam-heated whilst the other is water- 
cooled, this arrangement resulting in a polished face to the 
linoleum being obtained and facilitating its easy detach¬ 
ment by the “doctor.” ’In the case of plain linoleum, the 
linoleum mass ” is fed between the rolls with the jute 
or canvas support, so that the material leaves the rolls on 
this support. 

iphe remaining treatment of the “ cloth ” is the same 
whichever variety is manufactured. The canvas backing on 
the “ green ” or uimiatured cloth is next coated with a layer 
of a cheap yellow' ochre or red oxide paint backing. The cloth 
travels canvas side upwards over rollers, and in a nearly 
horizontal position receives in its passage a pool of paint, 
which is spread as evenly as possible by a trowel, the excess 
being removed as it leaves the backing machine by means 
of a hot roller or " doctor.” The composition of the paint is 
such that it requires melting in a steam-heated })an for use 
and solidifies to a solid non-tacky coating on cooling on the 
canvas. 

The final process consists in maturing the ” greea cloth ” 
in large buildings internally heated by steam pipes to a 
temperature of i4o°-i6o° F. until deemed to be of sufficient 
harSness to withstand wearing, after which the rough 
edges are trimmed ofi so that the cloth is of standard 
width. 

In printed linoleum .the “ green cloth ” is painted on 
its face by either machine or hand. In either case the paint 
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is applied by means of a wooden block tocftbe^ in parallel 
ribs about ^urteen to Ibe inqh, its outline' being cut to the 
shape desired. The paint is picked up from a p^d and trans¬ 
ferred to the linoleum by pressure, the properties of the paint 
being such that a ])erfect surface results with the oblite\-ation 
of rib marks without undue flowing oedurring after the cloth 
has left the printer, and is hung up for maturing in a vertical 
position. In hand printing, it is the^ practice to‘'apply 
successively the different colours forming the pattern in the 
portion of the cloth under printiirg treatlkent. 

There are several varieties of inlaid linoleum made, 
the oldest consisting in building up the mulli-coloured pattern 
from “ green linoleum ” in a condition of meal or granules. 
A grid, cast to a pattern corresponding to the design required, 
is laid on a table in a horizontal position, successive stencil 
plates having openings corresponding to sections in the grid 
being placed on top, and “ meal ” of a particular colour 
chosen to fill such sections is dusted in. In a red, white, and 
blue pattern, three stencil plates would be required. .The 
arrangement of the pattern being conducted on a sheet of 
strong greased paper, the stencil is removed, the grid care¬ 
fully lifted so as not to disturb the loose “ meal," and the 
paper support with its layer of meal pulled along under a 
hydraulic press, the upper surface receiving a section of the 
rmi of canvas destined for its final support (Figs. 27 and 28). 
It wfll thus be seen that this linoleum is built up from the 
back. After pressing, the linoleum is ready to receive its 
backing, after which the maturing is carried out in the same 
way as in the case of i)rmted linoleum. 

Inlaid" linoleum of “ caroit,” or ragged-edged pattern, 
is carried out in a very similar manner, the pleasing ragged 
outline of the colour units being obtained by dispensing with 
the grid and the building up being carried out from the face 
instead of from the back. 

The newer “ Walton inlaids,” characterized by the .sharp 
clearness of outhne and greater cohesion of the finished 
product, can only be manufactured from oil made by the 
shower-bath process, owing to the greater cohesion required 



LINOLEUM, F1.00RCL0TH, CORK CARPET 173 
in,the intermediate stages of manufacture. In this system 
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C 




Fig. 27—“ Granular Inlayin^^ Proce.s',. 

A. ShowinjT position of stencil (2 colour) on prid. 

1st operation shovvin-' inlnying of colour No. i (section through a, b). 

C, 2nd operation .sliowing inlaving of colour No 2 

D, inlaying ojteration finished, stencil and grid removed, canvas 

laid , ready for press 



Fig. 28.—“ Granular” Inlaying Process Arrangement of inlaying table 
with press. , , 

• A, Roller carrying canvas ^ 

B, Feed and collecting rolls for waxed paper. 

C, Roller carrying fini.shed linoleum 

D, Space for inlaying operation. 

of manufacture, sheets of the different colours required are 
manufactured ^without the canvas support. The sheets 
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are then led over rolls fitted with a knife-ed^ed^ grid, which 
serves to sujjdivide the sheet, into pieces torresponding in 
outline to the pattern desired (*‘ solo pattern ”). or into 
smaller units, the subsequent reasssjmblage of which into 
local areas similarly serves to build up the desired pattern 
(“universal type”). The selection of particular imits or 
assembled units for tlic pattern and rejection of undesired 
parts is accomplished by means of piston's forming the' baseh 
of the knife-edged grids, the pattern being so built up that 
the units or areas required only are tetained within the 
hollows of the grids, the undesired units being pushed out 
by actuation of the spring-carrjdng piston (Fig. 29). After 
rejection of undesired units, the grid-carrying roller contain¬ 
ing the desired imits of sheet require^ is pressed into contact 
with a large cylinder carrying shoh pins on its periphery, 
on to which the units forming that particular part of the 
pattern corresponding to the colour of the sheet under treat¬ 
ment are transferred. The pinned roller, however, carries 
also the canvas for the final support of the linoleum, so that 
after pressing the pinned roller carrying its canvas and ad¬ 
hering units into contact with a pressure roller, the finished 
linoleum merely requires a final facing before maturing. It 
is obvious that the number of colours forming the pattern 
will be limited by the number of differently coloured sheets 
simultaneously under treatment. A diagrammatic repre¬ 
sentation of the machine shown in the figure will make the 
process clear. 

Cork Carpet.—The peculiar resiliency of this product 
necessitates the employment of a binding medium of greater 
elasticity than that used in, linoleum. To this end, oil is 
prepared in a solidified condition ready to serve as a binding 
medium without conversion into cement, the use of solidi¬ 
fied oil without' resins serving further to ensure greater 
elasticity and resiliency. 

The process eihployed for the solidificdtion of the oil 
is that known as the Taylor-Parnacott or “ Corticine ” 
process. The plant consists of an installation of six iron 
pots set in a row in a brick furnace. One of the pots has a 
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C9.pacity of tons, whilst the other five are of half a ton 
capacity each. - The pots hre heate’d from furnaces on the 
outside of the building iw order to minimize fife risk. The 



Fig. 29.—Conventional Representation of Walton Machine Inlaying 
2-colour pattern. 

A, “Cutting Roller.” 

B, Roller carrying knife-edged grid. 

C, “Pattern ” roller. 

D, Pinned roller. 

E, Uncut sheet of No. i colour, 

F, Cutting operation. 

G, Cut sheet of No. i colour. * 

H, Knife-edged grid outlined to pattern. , 

J, Tappet on pattern roller operating discharge of K, Rejected units. 

L. Operation of arrangement of units of No. i colour on pinned roller 
carrying selected units of No. 2 colour. ^ 

J^,<Finished sheet ready for facing. 

fire grates consist of flat trucks mounted on wheels and 
running on a short tramway, whereby temperature may be 
quickly reduced by withdrawing the grate on its rails away 
from the flue inlet. 
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A cl;arge of 2^ tons of (preferably) Baltic*oil is run into 
the larger pot, the ten^pefature* raised to. about 220° C., 
and driers, in the proportion of about i per cent, each of 
litharge and lead acetate, added. The fuiic'iion of the latter 
drier is probably to redisstdvc any metallic lead resulting 
from the reduction of the litharge. As soon as the driers are 
dissolved, a long iron pipe readhing to the bottom of the 
pot is fitted, and a vigorous current of j.ir passed into tha 
oil by means of an air-pump. The fire is then withdrawn, 
and blowing is continued for several hows. When moder¬ 
ately cool, the contents of the pot are pumped out and 
divided equally among the five half-ton ‘])ots. The oil 
in these is then raised to about 250° C. and maintained 
thereat. After six or seven hours’ heating, when sig^is of 
incipient solidification show themselves, the oil is well 
stirred and the fire withdrawn. Complete solidification 
then takes place somewhat rapidly, and as it proceeds 
thror^hout the pot, disengagement of gas within the mass 
results in the contents of the pot rising to such a point that a 
series of short cylindrical rings have to be placed round the 
upper edge of the pot to retain the contents as they rise. 
Rising to a loaf-like head then ensues and continues several 
hours, after which a slight contraction occurs. When 
sufficiently cool, the solid oil is cut away from the sides with 
a large hay-knife, the centre cut across, and a jet of water 
run into the bottom of the pot to float out the contents. 
The solid oil then presents a honeycombed structure in the 
centre, w'hilst the bottom and sides are somewhat sticky. 

After thorough amalgamation of the sticky “ bottoms,” 
dry “middles,” and “ tops ”*. through mixing rollers, the 
oil is then ready for direct use as a cement without any 
further treatment. 

The further rnechanical treatment is the same as for 

r 

plain linoleum with the exception that a coarser cork is ifsed 
and that, owing to the lesser binding powee of the Taylor 
oil, proportionately less cork can be amalgamated. Certain 
varieties of cork carpet are, after qiaturing, passed under a 
sandpapering machine to “ buff ” the face of the cloth. It 
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is usual as a trade custom not to apply a painted backing to 
the canvas of cojk carpet. 

Floorcloth. —kittle de,scription is needed of this product, . 
the use of which* is rapidly dying out owing to the vastly 
superior properties of linoleum.* The installation for the 
manufacture of floorcloth consi^s, in the case of the machine- 
made article, of a pair of calehdar rollers similar to a backing 
machine, where caijvas is coated both back and front with 
a coarse paint compo.sed of linseed oil, linseed oil foots, 
varnish foots and .Ksidues, wdiiting, China clay, and earth 
oxides, the. mass being reduced to a working consistency 
with white spirit, kerosene, or even water in certain cases. 
The once-coated canvas is then hung, up in drying rooms to 
hardep, after which the coating treatment is repeated until 
sufficient thickness is obtained. The final treatment con¬ 
sists in the application of a printed design to the face. 

In hand-made floorcloth the paint is applied to the canvas 
held in w'ooden frames in a vertical position by means of 
trowels, the treatment being precisely the same as in the 
machine-made article. Hand-made floorcloth possesses the 
advantage over the machine-made article in its being 
capable of being made in much greater widths, six feet or 
two metres being the usual limit for all varieties of machine- 
made covering, whilst eight-yard hand-made floorcloth is 
commonly made. 

Floorcloth possesses neither the wearing properties, 
resiliency, nor the heat- and sound-proof qualities of linoleum. 

For further information on the history and manufacture 
of linoleum the following papers may be consulted.— 

W. F. Reid, “Manufacture of kinoleum,'’ J.’S. C. I., 
1896, IS, 75. 

H, Ingle, “The Examination of Linoleum and the Com¬ 
position of Cork,” J. S. C. I., IQ04, 3j, 1197. 

M. W. Jones, “History and Manufacture of Floorcloth 
and Linoleum,” •]. S. C. 1919, j6\ 26. • 
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Part V.—VARNISHES 


A VARNISH may be defined as a liquid which dries by exposure 
to the air to a more or less hard, transparent film, giving 
protective action or decorative effect to the surface on which 
it is applied. There are certain exceptions to the trans¬ 
parency of varnishes, notably those known as black Japans, 
their transparency being only apparent in exceedingly 
thin layers. Varnishes may be broadly classified into three 
varieties ; (i) those which consist of a medium similar to 
that of paints, i.e. linseed or other drying oils and thinner, the 
hardness of which may or may not be increased by the 
addition of certain other substances miscible with or soluble 
in the drying oil (rosin, gum-resins, etc.) ; (2) those which 
consist of a solution of a resin in a volatile solvent; (3) those 
consisting of a natural product of a tree, drv'ing by enzyme 
action, i.c. Chinese, J apanese, and Burmese lacquers. 



Sectkw I.-OIL VARNJSHES 

These represent tfee most important of tlie three classes 
referred to. For general purposes, oil varnishes may be 
said to consist’d four constituents, drying oil, resin, a 
volatile solvent, and an accelerator ot oxidation of tliedrjdng 
oil. ^hese products therefore “ dry ” to a hard film by 
a combination of evaporation of the volatile solvent and an 
oxidation of the drying oil in its semi-liquid combination 
with resin. The application of a film or coat of varnish to a 
surface is usually done with a view to affording protection 
to ^he surface against atmospheric destruction, wear and 
tear, etc., there being exceptions, however, when the main 
object aimed at is to confer decorative effect by giving gloss 
and enhancing the beauty of the grain of wood. For either 
purpose, however, certain of the constituents of oil varnish 
have the same effect. As stated in an earlier chapter, lin¬ 
seed oil dries to a tough elastic film when subjected to natural 
atmospheric oxidation. The oxidation product, “ linox}'n,” 
confers the elasticity to the film, but neither its hardness, 
gloss, nor impermeability is sufficient for efficient protective 
i^ction or the decorative effect desired. The resin (the term 
embracing both “ recent ” ar«l/‘ fossil ” resins) on'the other 
hand is a body devoid for all practical purposes of elasticity, 
but of a verj' hard nature, veiy resistant to atmospheric 
effect,and therefore stable, of high reffas;tive index and 
hence conferring gloss. Although the mixture or combina¬ 
tion pf oil and‘gum in a varnish has dot the same high 
viscosity as it has after drying or oxidation, the unoxidized 
liquid is yet of such a. viscous nature that it w'ould be 
impossible of application without the addition of a diluent. 

179 
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This introduces the questipn of the volatile* solvent. The 
solvents usually employed are .turpentine of “ white spirit,” 
the latter representing a fraction of peiroleujn distillate 
having a flash-point, mobility, and rate of evaporation 
mcife or less approaching t,o that of turpentine. Other 
diluents are used, as turpentine suosiitutes, e.g. shale 
naphtha, shale spirit, petrol, coal-tar naphtha, etc., but on 
accoimt of unpleasant smell, low flash-p6int or other objec¬ 
tionable features, they find only a limited application for 
special purposes. The question of tne employment of 
genuine turpentine, or its most popular substitute “ white 
spirit,” has occupied the attention of varnish technologists 
to a considerable degree in recent years, but without entering 
into any controversy on the subject, it may be stated 
that there is little doubt but that genuine turpentine is the 
best solvent to employ.* Such assertion is based on the 
facts of the smaller range of distillation of turpentine (the 
petroleum distillates beinc: at the best but mixtures of 
hydrocarbons of near boiling-points), its sweeter odour,«and 
its property of absorbing oxygen and thus acting as an 
oxidation catalyst to a very limited degree. The most 
important factor, however, is the superior solvent power of 
turpentine over petroleum spirit, f 

The remaining constituent of oil varnishes is the drier 
or accelerator of oxidation. The mechanism of their action 
has been referred to in an earlier chapter, but it may be 
stated here, that of the metals known to possess catalytic 
action in accelerating oxidation, only the compounds of 
kad. mangan ese, and, of later years, cobalt, have found uni¬ 
versal use.j; These driers are introduced into the oU-gum 
combination either in the insoluble condition as oxides, 
carbonates, etc., or as metallic salts of a fatty or resin acid. 
In the former c'a^e, the high temperature necessary ior.the 

C 

* See Part III., Turpentine Substitutes. 

t Coal-tar naphtha, known as “ solvent naphtha ” in the trade, a 
lather greater solvent powdr for the usual constituents of a varnish than 
turpentine, but its noxious odour and toxicity are responsible for its general 
inappreciation as a turpentine substitute. 

X See Part II. on Theories of Driers. 
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s^onification ef the oil results in more or less darkening of 
the finished product, so ttiat ttfe_ihetallic “ linoleates ” or 
“ rosiiiates ” find favour rSson^oFtheir solfthility at low 
temperatures. * 

From the foregoing it will be fathered that for all practical 
purposes the main •constituents of oil varnish are the oil 
and the resin. The simplest type of varnish would therefore 
eonsiiSt of a solution of common rosin in linseed oil with the 
addition of a suitable drier and reduction to a working 
Consistency with,* turpentine. Such preparation would' 
indeed constitute a “ varnish ” and, it is regrettable to state, 
has in the pa 5 t found a certain sale with unscrupulous 
dealers. A consideration of the nature of the non-volatile 
portipn of such preparation, however, will show the poor 
properties and results • to be expected from its use in 
practice. 

In the first place the mere fact of the ease of solution 
of rosin in linseed oil is such that amalgamation of the two 
wil], take place practically at normal temperatures, so that 
the linseed oil, having received no heat treatment likely 
to polymerize its gtycerides to compounds .stable to atmo¬ 
spheric oxidation, will on progressive oxidation show' all 
the disadvantages of instability earlier referred to. In addi¬ 
tion to this, it may be pointed out that since polymerization 
of linseed oil is attended by an increase in its refractive 
index, the gloss resulting from or conferred by the oil con¬ 
stituent in the varnish will be a minimum. The other 
constituent—rosin—possesses certain properties (Part III., 
p. 96) which render it quite unfitted for use as the resinous 
constituent of a varnish. I» the first place, it is* decidedly 
unstable to atmospheric effect, being reactive to oKidation, 
especially in a thin film, and its oxidation causes a loss in both 
weigl^t and volume, which latter effect results in a shrinking 
of ’surface apparent as cracking of the film. It is stated, 
moreover,* to ‘yield water-soluble products of oxidation. ' 

The low melting-point, low refractive index, lack of toughness 

* 

• Paul, Chem. Rev. Fell und Han Ind., 1914, sr, 5-8, 36-39, 53-56, 
78-80. . 
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and hardness, are further properties contfibuting to its 
general tuidesirabilitr- as’ a constituent of vaniish. 

In a general consideration of»the product,,which long 
experience has shown to be compos(jd of those ingredients 
which go to make a satisiactory varnish, viz. linseed oil, 
and suitabty treated fossil gum, it cin be seen how the 
necessary properties of, the finished varnish are contributed 
by the ingredients, A preliminary w'ord, however, iS here 
necessarr’ on the subject of the gum-resin or fossil gum. On 
examining a specimen of a fossil gum sucltas African Anime, 
CongflJuopal, or Amber, its apparent suitability as a con¬ 
stituent of varnish is at once evident in so fair as its brilliance 
and hardness are concerned. Thus it w'ould seem that the 
ideal varnish might be obtained were^ the hardness and lack 
of elasticity of one of these fossil'resins tempered by the 
influence of linseed oil linoxyii. Unfortunately there is no 
means whereby such a blending of the properties of these two 
products can be obtained, as the fo.ssil gums appear to be 
quite insoluble in or immiscible with linseed oil,* To the high 
degree of polymerization of the fossil resin is usually attributed 
its insolubility. However, a solubilizing or depolymeriza¬ 
tion of the gum, resulting in complete solnbilit}’ in oil under 
suitable conditions, is obtainable by a process of partial 
destructive distillation, known among varnish makers as 
“ running.” In this treatment, the solubilizing is attended 
with partial decomposition of the acids to yield anhydrides 
or resenes. The solubilized, fused or ” run ” gum is, how¬ 
ever, not recognizable with its original condition, a consider¬ 
able darkening in colour and some loss of hardness having 
occurred during the running jrtocess. The ‘‘ run ” product, 
however; will have become by the treatment soluble in lin¬ 
seed oil, wiiilst the hardness and high gloss conferred on the 
gum and oil conrbination will under ordinary conditipns of 
practice bear a dilect relationship to those properties exist¬ 
ing in the natural product. ' 

To understand the condition in which the several con¬ 
stituents exist, a brief account of the process of manufacture 
♦ Kauri gum is an exception. , 
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wijl be necessary. A description of the preparation of 
varnish on a laboratory scAle^ will serve as an introduction 
to the large-scale process., * 

The first part ofjthe process consists in the fusion or 
running~~of tliej^m. Small pieces of gufn, c.g. Congo, 
brokeiflnto pieces the size of peas are sifted free from dust 
and introduced into a 250 c.ct (tall shape) silica beaker. The 
guni sliould not fill more than one-quarter the capacity of the 
beaker on account of the great amount of frothing which 
occurs. The beal^ is suitably supported and heated over 
the free flame of a buiisen burner, care being taken that the 
flame does not pfay above the height of the gum in the beaker. 
The first effect of the heat will be .to sinter together the 
individual particles of the gum, the w'hole then forming a 
treacly mass, whilst large quantities of terpinoid vapours 
are evolved. As heating continues, fusion will extend to 
the rather badly-conducting particles of gum until the 
treacly mass will have become converted into a viscous 
liquid. Considerable quantities of gas are evolved, resulting 
in much frothing and rising of the contents of the beaker, 
whilst completely-fused gum in the liquid condition will 
begin to collect as a liquid darker than the unfused gum in 
the bottom of the beaker. The heat is so regulated and 
vigorous stirring continued that the maximum rapidity of 
complete fusion consistent with keeping the frothing under 
control is obtained. After the lapse of from thirty minutes 
to one hour, according to the nature of the gum, the contents 
of the beaker will have become completely fluid, and although 
yie temperature throughout the mass will be higher than at 
any previous stage in the operation, the head of'froth will 
have considerably diminished. At this point, tha appear¬ 
ance of a sample drawn out on a glass rod and allowed to fall 
backjn drops would indicate to a practical “ gum runner ” 
th^ state of completedness of the fusion, as obviously large- 
scale practice dees not permit of inspection through the walls • 
of .the metal vessel used. The^ gum is then ready for the 
addition of the oil. It, is noteworthy to remark at this 
pomt~that the evolution of gases is responsible for a 
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loss of from 15-30 per cent, in weight on that of the gipn 
taken, the degree of loss lieiiig directly proportional to the 
degree of fo^silization (age) and hardness of the gum. It 
is also interesting to note that there appears to be a con¬ 
stant figure for each class of gum as representing the .mini¬ 
mum loss in weight which' must occur before complete 
solubility of the residue in oil is obtained. Indeed it has been 
proposed to check the progress of the operation by periodically 
noting the W'eight of the contents of the pot during fusion. 
Too little loss results in partial or even cO.mplete insolubility 
in oil, whilst excessive loss results in loss of hardness and 
darkening of colour in the finished product.' 

The fused gum is, however, not soluble in oil with the 
same facility as is the case with many other products 
possessing the same range of solubility in differing concentra¬ 
tions ; thus, if it be desired in the case instanced to make a 
varnish consisting of equal weights of gum (unfused) and oil, 
the addition of the whole of the oil at one introduction with 
consequent lowering of the temperature would induce a 
chilling of the gum and its prompt precipitation. In practice, 
the oil is added in a warm condition, small portions being 
' added until a test spotted on to glass shows a milky appear- 
j ance on cooling, indicating incomplete union of gum and oil. 

I The temperature is then raised until a test sample shows by 
its clearness on cooling that complete union of the two is 
! effected, when a further addition of oil is made and so on 
luntil the whole of the oil required has been introduced. 

The remainder of the treatment necessary to convert 
this resin and oil combination into a finished varnish is the 
addition df a suitable volatile diluent to render, the product 
easy of • application, and the acceleration of its drying 
properties by introduction of a drier. The viscous resin- 
oil compound is removed from the source of heat and allowed 
to cool to a temperature in the neighbourhood of the boiling- 
‘ point of the solvent chosen, i.e. 160“-170“ 0 . in the case of 
American turpentine. Addition of the thinner is then made, 
dare being taken that thordugH'stirring during addition is 
maintained in order not to chill locally particles of the 
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product. Tire quantity necessary will vary and depends 
not only on tljie viscosit>^ <^esired for the finished product, 
but on the intrinsic degjee of viscosity or consistency of the 
varnish before addition of the thinner. 

The acceleration of drying properties in the product 
is obtained, as already stated, by addition of a compound of 
one or more of those metals which are used to promote drying 
properties in oils, viz. lead, manganese, cobalt, etc. The 
introduction of the same into varnishes may be made by 
addition of an organic compound of the metal soluble in 
the finished varnish, i.e. lead, manganese or cobalt “ lirte- 
leates,” rosinates, acetates, etc., to the product in the 
condition described above, r.c. after addition of the thinner, 
or alternatively by causing union of the metallic base of the 
metal chosen with the gum and oil at an elevated temperature 



Fig. 30.—Gum Pots. 


(e.g. 200°-300° C.) before addition of the thinner. In the 
latter case the base combines partly with any free fatty acid 
or resin acid present and partly saponifies the neutral 
glyceride of the oil. 

. The manufacture of oil varnish on the large scale differs 
in no material respect from the laboratory-scale preparation 
described above. The fusion, or “ running ” of the gum, 
is carried -out in copper 61; aluminium vessels* of 30-100 
gallons capacity of various shapes (Fig. ‘30). The 
hearth on which the running is carried out usually consists 
qf ^ hole in the floor of the “ mabing house,” beneath 
which is a grate with a flue running underground con¬ 
structed in silch a way that a very intense bright fire may be 
obtained and that the products of combustion are completely 
withdrawn from the interior of the making house. During the 
“ running ’’.process, the contents of the pot are stirred and 





i86 RUBBER, RESINS, PAINTS AND VARNISHES 

. . 

examined, periodically by mpns of a-stirrer. • The making 
house itself consists of a ceipefit-floored chamber, well 
•illuminated and furnished with as^iigh a roof as possible 
in order to make contingency for accidental ignition of 
the contents of the pot. Ttie fumes given off during .the 
running process are led either to a fan ori chimney shaft, or 
alternately a removable, cover fitted with a delivery pipe 
leading to a fan and condenser installationi{Figs. 31 and‘32). 

In practice, the operation of gum-running is usually 
carried out by tw'o workmen—the “ guntirunner ” and his 
assistant. A suitable quantity of gum—usually 112 lbs. in 



Fig. 31.—Gum Pot with Condenser Installation. 


uodem practice—is weighed into a clean pot and the latter 
Drought to the fire in the “ making house ” on a trolley or 
;ruck (Fig. ^3), occasional stirriug being resorted, to during 
;he first or sintering stage of the fusion, but as lique- 
action of that portion of the gum immediately in contact 
vith the bottom of the pot proceeds, close observa^on 
las to be made i* order to guard against danger of a 
ludden rise of the centents of the pot. Ther temperature 
>f the melt is regulated by bodily lifting the pot off 
he? fire-hole by means of the truqk. As the gum ap- 
iroaches complete fusion, more vigorous stirring is resorted 
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tc until finally the gum-runner, judges the “ run accom¬ 
plished. The Aielt is then ready for “ oiling,” i.e. addition 
of oil. The requisite quantity of oil is added either by the 
assistant cautiously pouring it in from a vessel known as a 
“ jack,” not unlike a wateiqng-can with an old-fashioned 
kettle spout, or in more modern'practice, the previously 
wqrmed oil is pumped up to an overhead tank fitted with a 
'graduated gauge ^ass marked off in warm gallons, from which 
it is allowed to descend in a thin stream into the gum pot, 
the contents bemg meanwhile vigorously stirred. When 



Fig. 32.—Varnish Furnace In- Fig. 33.—Varnish Pot with Truck, 

stallation with Hood to remove 
fumes. 


thbrough amalgamation of gum and oil has taken place, the 
gum-oil mixture is ready for addition of the driers. 

The rules governing th^ addition of the driers to linseed 
oil apply equally in the case'of varnish, so that tjie varnish 
maker has at his disposal the choice of several metallic 
compounds in different forms of solubi^jt^, etc., in order to 
produce the effect he aims at in the finished product. To 
recapitulate, however, we may summarise the common metals 
used as driers in their various forms as follows :— 

Class I. driers, .. Lead, iron. 

Class^I- driers .. Manganese, cobalt. 
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Lead and manganese are usualh' added iii the form of 
oxides, cobalt being added mor^ cbnvenientlr in the soluble 
■ condition of rihinate, “ linoleate,” etc. The use of iron as a 
drier is considerably restricted by the dark colour of its 
compounds, but when introduced is usually added as uraber 
(iron and manganese oxides) or Prussian' olue. 

The distinguishing characteristic of lead when introduced 
into a varnish is its property of forming an insoluble frattibn 
(lead stearate, palmitate and possibly oleate) which becomes 
apparent after cooling as a cloudiness w'lvich subsequently 
Settles out as a precipitate after a period of weeks to months. 
Rosinate of lead has less tendency to cause precipitation, and 
when this occurs, settlement of the “ foot ” is usually fairly 
rapid, but the large proportion of lead rosinate necessary' by 
reason of its low concentration in lead militates against its 
more general use by reputable varnish makers. This applies ■ 
in general to all rosinatcs 

Manganese and cobalt have very similar properties in 
their effect on varnishes in so far that they have a tendeiicy 
to cause surface drjdng or skinning in place of a drying right 
through the thickness of the film. (See under " Defects of 
Varnishes ” at end of chapter.) Both these metals require 
a very small proportion to accelerate considerably drying 
of the varnish. The combination of lead-cobalt or lead- 
manganese is usually resorted to excepting where the pre¬ 
sence of the former is undesirable. The use of lead alone in a 
varnish is not common owing to its rather slow action in 
this form. 

In addition to the method of adding driers to the gum-, 
oil combination, yet another nvethod has found a certain 
amount of favour with some manufacturers. This consists 
in the addition of insoluble driers to the finished (thinned) 
varnish, solution being effected by long agitation in large 
drums. This method, known as “ drumming ” or “ churn¬ 
ing,” has the advantage of yielding considerably paler 
products, probably by reason of the sensitiveness of the 
metallic soap forming the drier to darkening at the somewhat 
elevated temperature of solution obtaining in the previously 
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described method. The agitation with contained air in the 
drum to which the vaAisJi is subjected also induces a 
certain amount of bleaching action. “ Drumilled ’' varnishes 
have; also the* advantage of a lesser tendency to skin 
over when stored in bulk in'‘open tanks. “Drummed” 
varnishes, howevei', require considerably longer periods for 
clearing than varnishes in which the drier has been intro¬ 
duced at a high temperature. 

After introduction of the drier, the varnish pot is removed 
from the fire and* taken either to a cooling room or to the 
open air, where, after the contents have cooled to a temper^ 
ture of i6o°-I 70° C., addition of the thinner is made. 
This operation requires little description, the turpentine or ' 
particular substitute chosen being added slowly with con¬ 
tinual agitation of tlid contents of the pot. Addition at 
too low a temperature may cause precipitation of the gum 
in certain cases, wdiilst addition at too high a temperature 
will obviously occasion losses owing to volatilization. 

. The varnish prepared as described will, however, not 
possess the necessary ])ropeTties which constitute what the 
skilled user would refer to as a satisfactory product. In 
the first place, the varnish will hold in suspension the 
debris of the gum-bark, mineral matter, etc., in addition 
to which a heavy cloudiness will develop a few hours after 
the varnish is quite cold. This latter turbidity originates from 
the same cause as that accruing from ordinary boiled linseed 
oil prepared with a lead drier, and is caused by the precipi¬ 
tation of insoluble lead soap of the saturated fatty acid con¬ 
stituent of the oil— c.g. stearic, palmitic, and myristic acids. 
On Ipng-centinued storage^ Jiowever, both the ’debris from 
the gum and the lead “ foot ” will settle out, learfing a clear 
supernatant layer of varnish. Simultaneously with the 
deposition of “ foots,” other and more obscure changes will 
occur, chief amongst which will be a slight bleaching of the 
varnish. CeiTain undefined physical changes—probably 
connected with alteration in the arrangement of the disperse 
phase in the colloidal solution—will also occur on “ ageiifg,” 
c.g. an imprpvement in the flow under the brush. That 
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such change can be observed and collated wkfi changes of 
viscosity has been mentioned in a {lyaper by Spaton, Probed^, 
.and Sawyer (J. Ind. and Eng. Cheni., 1917, p, 35). It is 
certain, however, that the more reputable houses manu¬ 
facturing varnish do not put their product on the ma/ket 
until it has been matured'by “'tanking ’’ for a period of from 
six months to two years. 

In connection with the general properties of the finkhed . 
varnish, the influence of the particular volatile solvent 
employed for thinning should be coiiudered. At first 
Sight, it might appear that little if any influence would accrue 
from this source, since the presence of such'in the varnish 
' film is transitorje Considerable discussion as to the relative 
merits of turpentine and its more jiopular substitute “ white 
spirit ’’ has taken place of recent yaats in technical circles, 
but it w'ould appear that such has been mainly concerned 
with questions of odour and relative toxicity of the vapours ‘ 
evolved from the substitute during drying. The question of 
odour and toxicity, indeed, has been largely responsible for 
the small popularity of the higher fractions of spirit distilled 
from coal-tar, eg. naphtha, “tar spirit,” etc. From a 
purely physical standpoint it must be stated in justice to 
white spirit that from a point of view of flash-point, rate of 
evaporation, range of distillation, etc., it compares very 
favourably with the considerably more expensive turpentine, 
but a point that seems to have escaped criticism is that of 
the considerably lower solvent power of the petroleum 
distillates. This point is of considerable importance when 
dealing with varnishes of the “ short-oil ” type, i.c. varnishes 
containing less than ten gallon% of oil to the 112 lbs. of 
gum-resin. Such varnishes require considerably more skill 
in manipulation during thinning, as the relatively unstable 
combination of gujjr-resin and oil renders the former very 
liable to precipitation by careless addition of the inferifir 
iiolvent. The lower solvent power of white spirit also has an 
adverse influence on the manipulation of the varnish under the 
brush, as evaporation proceeds on appl,jcation, the result being 
a harshness of flow or “ pull ” due to partial precipitation. 
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Varnishes from Tung Oil.—^In view of the function 
which the oil (jonstituenWplays' as an ingredient in varnish, 
it is riot surprising that considerable atter/ion has been 
directed to th^ replacement therein of linseed oil by China 
wocii oil. The greater facility with which a high degree 
of viscosity can be sbtained b^ heat-treatment and the greater 
concentration of glyceride having an afiinity for oxygen, are 
properties which .strongly indicate the suitability of China 
wood oil as a constituent of varnish. A further point which 
has not been toufhed upon is the nature of the film yielded 
by polymerized China wood oil on application. Wlfilfl 
that in the ccfse-of polymerized linseed oil never attains a 
degree of hardness befitting it for use alone as a protective . 
lay^r suitable to withstand a reasonable degree of abrasion, 
but requires the pre^iaice of hard gum-resins to mitigate 
against this softness, the oxidation product of polymerized 
China wood oil yields a film which compares very favourably 
with that of the linseed oil and gum-resin varnishes. In 
a(Uition to this it is stated to possess a lower degree of 
susceptibility to cracking at low temperatures. 

From a consideration of its behaviour during heat- 
treatment, however, the difficulty of arresting the thickening 
at any desired degree short of production of an insoluble 
phase, mitigates considerably against its use as sole con¬ 
stituent of a varnish. Similarly, its admixture with gum- 
resins is a matter of extreme difficulty in view of the high 
temperature at which it is necessary to effect such incorpora¬ 
tion, coagulation of the od usually resulting. In view, 
however, of the remarks above as to the intrinsic hardness of 
the undiluted oxidized Chi^a w'ood oil film, the necessity for 
the introduction of what is ordinarily understoo4 as a hard 
resin is not so apparent, and advantage may be taken of 
the^lower temperature of incorporation,(^emanded by a soft 
r^sin, both to enhance slightly the hardjiess of the oxidized 
film and facilitate the manipulation of the oil during heat 
treatment. It is necessary to remark at this stage that 
numerous processes hjive been suggested claiming to per¬ 
mit of the thickening of China wood oil by heat without 
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production of gelatinization,* but, generally i speaking, the 
claims have not been subst'antiahcd, retardation of coagu¬ 
lation being ’Ihc most that these processes will effect,^ 
whilst many depend for their effect on dilution of the 
tung oil with a difficultly coagulablc constituent, the pro¬ 
portion necessary ton wluch deteriorates considerably the 
property of the film for which' pure tung oil is charac¬ 
teristic. In this connection it has been found thiit' a ^ 
relatively small addition of common rosin to tung oil 
permits of the desired degree of pohinerization being 
obtained without danger of coagulation when in the hands of 
a skilled operator. Several advantages are gained by such 
admixture; the undue,rapidity of “setting " (as distinct 
from the attainment of the maximum increase in weight, 
q.v.) is diminished, and the liability which a varnish from jmre 
tung oil shows to exhibit wrinkles or “ webbing ’’ during, 
drying is overcome. 

Many variations in product are possible by employing 
different proportions of rosin and oil and differences^ of 
behaviour during drying may be obtained by varying the 
nature and proportion of drier, etc. It is a significant 
fact that in spite of the prejudice which the consumer has 
hitherto had in regard to varnishes containing rosin as their 
sole resinous constituent, varnishes of this class were found 
by actual trial over long jieriods to be the only ones satis¬ 
factory for the protection of “ doped ” fabrics on aircraft, 
linseed oil and gum-resin varnishes proving quite unsuitable 
on considerations of jiermeability, non-adliesion to the glossy 
“ doped ” surface and loss of elasticity for long periods under^ 
extreme conditions of temperature. Varnishes on a basis 
of tung oil and rosin have been in use for some time past in 
the United vStates, where their resistance to " chalking ’’ (q.v.) 
has formed the moin basis for their adoption as varnishes 
intended for sub-aqueous work. * 

It may be remarked that the disadvantages attendant 
on the acidity conferred by rosin in regard to the use of 
these varnishes as " mixing ” varnishes, i.e. those intended • 

* German Pats 2i97i5'i9io; 211405/1908^ 
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for use with basic pigments, is overcome by substitution of 
tfle acid rosin by “ harde»ied rdsin ” (alkaline earth rosin- 
ates) or'“ ester gum ” (glycerme rosin ester). « 

The Properties of the Varnish on Application. —In 
consicfering the uses fo which .oil varnishes are put, their 
main field of applioation is tlfet of.tha protection of wood¬ 
work. Besides their uses a(s protective coatings, they have 
also sui important ^function in the beautifying and accentua¬ 
ting of the natural grain of the wood. This is accounted 
for by the penetration of the surface cells of the wood by 
the varnish, thus producing optical continuity with'’*d- 
resultant exaggtraiion of the darkness of the grain. 

From a utilitarian standpoint, however, varnish is applied 
for the purpose of affording a protective coating against the 
destructive effects of atmosphere, moisture, and erosion 
generally. Thus, it needs to be chemically stable to atmo¬ 
spheric influence (oxidation), physically stable to changes of 
temperature (elastic), waterproof, and withal sufficiently 
hard to resist wear. .Since it will be readily conceded that 
in view of the extreme tenuity of the average coat of varnish 
(about in.), more than one coating will be necessary 
to give the desired result, and further it will be apparent 
that one must consider the necessary properties which each 
coating must possess to fulfil its desired function. 

In the first place, a preliminary coating will be necessary 
to stop the capillarity of the surface cells of the wood and at 
the same time “ set ” these cells to a hard rigid layer to 
obtain a 'solid foundation. Such effect would be obtained 
by the use of a varnish of fairly low viscosity to ensure 
penetration of the cells, buJt having its gum and oil con¬ 
stituent of rather high viscosity in order that suclj penetra¬ 
tion, once secured, will not go on indefinitely, since a surface 
sealing of the cells is the only object ahned at. Rapidity 
of drying will also increase the latter effect. Such a result is 
obtained by thause of a varnish known “ goldsize.” This • 
product constitutes a varnish in which the gum and oil 
•combination has been brought to a viscosity approaching 
solidity, a liberal addition of volatile solvent then ensuring 
s. 13 
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a low viscosity in the finished product. 1^16 nature aijd 
amount of the driers added ensurJ rapidity of drying. Such 
a varnish is of limited applicability, possessing as it does little 
gloss in its dried film owing to its extreme tenuity, low 
weather-resistance, and slight impermeability, but it fulfils 
the purposes for w'hiCh it is designed. 

Having now formed a preliminarj' base or groundw’ork, 
the succeeding coats which go to form the protective film' 
proper need next to be considered. From an examination 
of the properties of the constituents of aiY oil varnish and of 
'the effect which it is desired to produce, it is evident that from 
a decorative standpoint it is desirable to obtain as high a 
finish (gloss) as possible and to that end the relatively high 
refractive index of gum-resins will serve in good stead. 
Thus, for the bodying-up or under‘'coats, a varnish rich in 
gum-resin is desirable. The relative hardness of such “ short- 
oU ” varnishes furthermore is advantageous from the stand¬ 
point of its rapidity of drying and solidity. It is a recognized 
point from experience that lor the application of succee'^ing 
coats of varnish, the glossy coat from the preceding layer 
does not form a satisfactory “ key ” to the next, and it is 
the practice to prepare the varnished surface to form a 
“ tooth ” or “ bite ” by removing the excess of gloss. This 
is performed in practice by the operation of “ flatting,” 
which consists in either lightly sandpapering or rubbing 
down with a piece of hard felt, water, and pumice powder 
the thoroughly hard and dry surface. Such a prepared 
surface is to the eye practically devoid of gloss, and examined 
under a lens exhibits a serrated or toothed surface which is 
eminently'suitable for the successful application of a succeed¬ 
ing coat." It is evident from this that for such purpose to 
be successfully accomplished in practice, a hard-drying, 
full-bodied varnish, rich in gum-resin, is necessary. Such 
varnish constitute!; an ” undercoating,” ‘‘ preparation,” or 
“ flatting ” vamishr The relative proportidh of gum-resin 
to oil to form such a varnish is, how'ever, not fixed, several 
factors contributing to the hardness of the dried film, but 
it may be stated in general terms that the relative proportion 
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o{ gum-resin 'to oil in this ^ always decidedly higher 
than in the iramish for the finishing coat. A further 
function of the undercoat is to act as an additional cement ' 
or binder of the surface cells of the wood. 

Having obtained a suffici^nl; body or thickness of var¬ 
nish, the finishing coating^may b'e applied. In this also 
many factors have to be taken into- account. A coating is 
required which shall have a maximum of gloss, be of sufficient 
hardness to withstand the ordinary usage to which the 
varnished article 4s to be subjected, and at the same tisie 
possess the requisite elasticity to withstand mechanical 
strain and change'? of temperature, in addition to its being 
both weatherproof and waterproof.* On the latter points, 
it is evident that varnishes intended for exclusive inside use 
need not possess that ‘degree of elasticity, weather- and 
water-proofness that are required for outside varnishes. 

The question as to the hardness of the dried film is 
detennined by the proportion and choice of gum-resin used 
in its manufacture. It is evident that the softest of the 
resins, e.g. rosin, would not adequately fulfil such a condition. 
Elasticity is determined, as referred to previously, by the 
relative amount of oil present, so that to secure the optimum 
of these two functions, we should need to employ in our 
gum-oil combination the minimum of the hardest gum obtain¬ 
able. The question of impermeability to water and resist¬ 
ance to atmospheric effect (oxidation beyond the limit 
necessary to yield a satisfactory wearing film) is, however, a 
very intricate question, and it is in the obtaining of such 
results that constitute the art or skill of the varnish maker. 
The use of-China wood oil*has placed a valuable adjunct 
in obtaining impermeable varnishes in the varnish-maker’s 
hands. In connection with stability to atmospheric effect, 
it is •evident that for a given proportion*<)f oil in any two 
varnishes, since the reaction of the dryin| or oxidation of a, 
drying oil diffets in no way from other chemical reactions, 
the varnish which dries the more rapidly of the two 
will first succumb to destruction by atmospheric effeA. 
Since within certain limits, the drying can be accelerated by 
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increasing the proportion pf drier, 'it is advantageous to 
restrict the amount added to a jnfliimum to secure a reason¬ 
able rate of dlying. 

When considering the purpose for which a parl^cular 
varnish is destined, it is intportant to bear in mind tliese 
several contributing Effects obtainable from its constituents. 
As an example, it may be stated that a high degree of 
elasticity would not be required in a varnish destined'for* 
sub-aqueous work, whilst a considerable degree of imper¬ 
meability to water would be demanded. 

Defects of VarnisiieS 

It will be gathered that with such a complex and,deli¬ 
cately constituted combination as ' copal varnish, great 
liability to defects after manufacture will be present unless, 
control under very strictly regulated conditions is present.”" 
Unfortunately, the exigencies of the manufacturing process 
and our present-day lack of knowledge of the inner mechan¬ 
ism of the reactions involved are such that occasional defects 
in varnishes present themselves. In addition it is necessary 
to state that many of the so-called defects of varnish during 
use may be traced to its application under faulty conditions. 

(a) Cracking of the Film, Flaking, etc.—It may 
happen that some time after application, the previously 
elastic film of varnish may progressively harden and lose its 
elasticity to a point at which with variation in temperature 
of the surrounding atmosphere, development of cracks 
takes place. As indicated earlier, the elasticity of a varnish 
for its specific purpose of use ijaust be carefully considered 
in that, under conditions favouring the progressive hardening 
of a varnish film, for example, by exposure to the sun’s 
direct rays, a vsinish of maximum elasticity musf be 
employed. The cenverse, i.e. the employment of an elaAic 
'varnish intended for exterior use in a situation sheltered 
from the sun’s rays, would, of course, result in a film being 
obtained of insufficient hardness for reasonable wear. In» 
the case considered, the development of cracks would have 
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for its ongin presence of too high a proportion of gum- 
resin to oil, witji resultant r^pid formation of a film of great 
^hardness !yid insufficient elasticity under conditions leading 
to changes in \'olume, i.e. heat and cold. Cracking of the 
film, due to this cause usually •manifests itself without any 
other attendant phenomena.* It cnay sometimes happen, 
however, that some time after exposure, the erstwhile glossy 
•filrii"takes on a dullness, which when viewed in bright sun¬ 
light presents the appearance of an iridescence. This dulling, 
when viewed unAr magnification, will resolve itself into a 
network of fine cracks, which in course of time will develop 
and extend uittil‘ 4 hey become easily visible to the naked 
eye. Such destruction of the filni has for its origin an oil 
mediiuni in the varnish of insufficient stability to the pro¬ 
gressive influence of ‘oKidation, i.c. an oil which has been 
■ over-treated with driers. .The rapid and progressive 
oxidation of the oil will result in a rapid loss in weight 
beyond the point of maximum increase [cf. Oxygen 
Absorption of Oils) with contraction in volume. A some¬ 
what rarer cause of cracking in varnish films originates 
from the wrongful application of the order of the 
coatings, i.c. the application of the relatively less elastic 
undercoating varnish on to the finishing varnish. The 
former, possessing an insufficient elasticity to withstand 
variations in atmospheric temperatures, results in cracking 
of the film, an occurrence which is accentuated by the 
comparative lack of solid support afforded by the elastic 
undercoat, 

, (b) “Cissing.”—^This term, which would appear to be 

peculiar tp the paint and varnish craft, represents the 
phenomenon occurring when oil is applied to a dapip surface 
or vice versa, and consists in the contraction or retression 
of ihe film applied to separate drop^ of lesser surface. 
I? thus points for its causation to the high interfacial 
teiision existiAg between varnish film, applied and under^ 
coat, usually dried varnish. “ Cissing ” usually occurs a 
few minutes after application of a varnish film to a glojsy 
undercoat that has not been prope^ “ flatted ” by pumice 
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powder, etc., to afford a “ key ” to the succeeding coat. The 
manifestation of the “ cissmg ” would appear to be about 
simultaneous »with the period of evaporation of the bulk 
of the volatile thinner. The cause of “ tissing ” on an 
unflatted varnished surface «is to be found as before stated 
in the high interfaoial JtensiSn existing between the twc 
surfaces brought into contact, ‘while the inhibiting effect 
of flatting is probably accounted for by tlie modification ol 
the “ angle of contact ” consequent upon the toothing ol 
the flatted surface. “ Cissing ” may also be inhibited bj 
varnishing the undercoat “ on the tack,” i.c. before it is 
thoroughly hard and dry, when more co*rplete “ wetting ’ 
takes place owing to slight solubility of the under surface. 

“ Cissing ” may, however, occasionally occur whet 
“ flatting ” of the undercoat has bfeen done and is thei 
attributable to the use of too new a varnish. The newnesi 
of the varnish need not, however, be so great that cloudinesi 
is present, i.c. that individual particles be visible. It ii 
probable, however, that microscopic dispersed partiplei 
which deposit on evaporation of the volatile solvent act as 
nuclei similarly charged to the bulk of the medium, and 
consequent repulsion round the nuclei takes place. The 
elucidation of the cause of “ cissing ” is occasionally somewhat 
difficult, the sweating through of an immiscible constituent 
from a previous undercoat, e.g. some bitumens being some¬ 
times to blame. In very obstinate cases, washing of the 
undercoat with dilute sodium carbonate solution may 
rectify the fault. 

(c) “Pinholing” or Pitting. —^This phenomenon par-, 
takes to some extent of the sam(i.uature as “ cissing, ” and is 
consequent on the deposition of (generally) visible particles 
from an insufficiently matured varnish. It may sometimes 
be due to nuclei qf. moisture on the rmdercoat or deposited 
subsequent to the •application of the varnish. When due 
to insufficiently matured varnish, the remedy is obvious. 

(if) “ Blooming ” and “ Chalking. ’’—These two faults 
ar^ being treated under one heading notwithstanding their ' 
lack of connection, on account of the common misappellation 
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of the one ease for-the other. “Blooming,” correctly 
defined, consists in the appearance of a plum-like "bloom on 
^the surfa(je of a varnish film, usually a day or two after 
drying. It generally occurs in relatively inelastic “ short- 
oil V varnishes containing a lo\%proportion of oil, i.c. stoving, 
rubbing, and polisKing varnishes, but ij also occurs in “ long- 
oil ” varnishes and in wbod-oil varnishes. Beyond this 

• established fact,, there seems to be little concensus of 
opinion as to its ultimate cause. Many observers, whilst 
agreeing that its* manifestation is restricted to the above- 
mentioned classes of varnishes, go further in stating \hat 
the use of wtiferi spirit to the exclusion of turpentine in 
the varnish is the cause. On such basis, it would appear, 
that the rather poor solvent properties of white spirit for 
the relatively unstaftfe combination of gum-resin and oil 

• in such “ short-oil ” varnishes might result in a partial 
’ separation of gum and oil with consequent slight optical 

discontinuity in the film. It has also been suggested* 
th^t “ blooming ” is caused by condensation of moisture 
on the imperfectly dry varnish film. This suggestion would 
appear to be substantiated by the fact that such “ blooming ” 
may be temporarily removed by rubbing the varnish film 
with white spirit or by washing with watcr.f “ Bloom¬ 
ing ” may occur also on varnishes of all types w'hen applied 
in a damp atmosphere under conditions favouring conden¬ 
sation of moisture on the varnished film. Such may 
exist when excessive moistening of the floor has been done 
with a view to the laying of dust during the operation of 
varnishing. The removal of the bloom formed is often 
impossible, the only rem%dj being to remove -the coating 
and to re-apply under favourable conditions. , 

“ Chalking,” or the manifestation of a whitish trans- 
luaence of the film on immersion in wi^er, comes under an 
entirely different heading. “ Chalking ” is a fault most 
marked in elastic varnishes, i.c. thosf rich in oil, but not 
restricted to them, its intensity on immersion of a varnish 

• Seeligman and Zieke^ “Handbuch der Lack- und Firnis-Indus'^ie," 
p. 708. 

t Loc. cit. 
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film see^ning to be roughly^ proportional to ifiie relative ofi 
content, and being nearly absent ift polishing, etc., varnishes. 
. It is essentiafly an emulsion phepomenon with water as 
disperse phase * and is inhibited by^ the presence of, salts 
in the water. De Waele.f •while calling attention to. the 
absence of the phenbmanon in films ol varnishes rich in 
China wood oil, suggests that 'it may be dependent ^on 
the presence of suspended water particles, the degree of 
magnitude of the same, however, being of an order below 
that of the wave-length of light in this 'case. ‘‘ Chalking ” 
disappears on drying oft the once-immersed varnish film, 
the film apparently returning to its origSlal state, but it 
» returns immediately on j'e-immersion in water.J The fault 
is not one that should be present in varnishes intended 
for immersion, c.g. boat and yacht varnishes. 

(c) Wrinkling.—This, as its name implies, appears as a 
puckering-up of that part of a varnish film where a thickness 
has collected owing to flow. With the exception of “ short- 
oil ” varnishes, which dry rather by evaporation of solvent 
than oxidation, it is a fault which will always appear when 
careless application of the film has been the case. Its cause 
lies in the fact that contraction in volume in an oil occurs 
simultaneously with absorption of oxygen, the increase in 
specific gravity not corresponding to the weight of oxygen 
absorbed. Varnishes which are inclined to skin over when 
stored in bulk, especially manifest a strong tendency to 
wrinkle on application. The formation of skins is an indica¬ 
tion that in the case considered, the second part of the 
reaction: 

A+ 02 =A 02 . A 02 +A= 2 A 0 ■ 

indicating transference of oxygen from the surface layer to 
the under-portions of the film, is not complete. The fact 
that skinning is moje often apparent in varnishes in which 
the oil present exists to a great degree in a polymerized form, 

• R. S. Morrell, Br. Assoc. Reports on Colloid Chemistry and its Indus' 
trial Applications, 1920. 

f Proc. Oil and Colour Chemists' Assoc., 191$, 11 ., 13, 106-109. 

X R. S. Morrell (loc. cit.). 
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i.e. in a lortn m which the stability of peroxides is at a maxi¬ 
mum, would support tl»s.^ An alternative hypothesis is 
^advanced,by H. Wolff,* who points out th*t the rate of 
oxidation in a thick film of varnish is considerably greater 
in the surface than iii\he bodyof the film, owing to the non¬ 
penetration of the tactivatingj ultra-violet rays in the latter. 
Thus, expansion with partial ’approach to a completion of 
^•the ^«ocess of sohdilication will take place in the surface, 
independently of and in advance of the under layers. The 
fault is more p^iiounced in certain types of varnishes, 
particularly those in which solidification is influenced solely 
by oxidation X<Sc^ Mn) as distinct from those favouring 
solidification by polymerization (Pb, Ce, etc.).t Thus, 
wrinkling is accentuated in varnishes wdiich have been 
treated with an excesssf manganese or cobalt driers. 

(/) “Bubbling.” —The appearance of small bubbles 
during application of the varnish changing subsequently to 
pinholes is a minor trouble, generally attributable to too 
rapid an application. Too low a viscosity, owing to excessive 
tliinners, favours the formation of bubbles. 

ig) “Webbing” or “Crocodile-skin. ’’—This phe¬ 
nomenon is very characteristic and at first sight somewhat 
simulates cracks. On close examination, however, the dis¬ 
tinction becomes apparent as a puckering-up of the surface, 
the excess area being taken up as ridges forming the 
boundaries of the “ web.” The fadt always originates in the 
presence of China wood oil in the varnish, suitable treatment, 
however, stopping the tendency to ‘ ‘ w'ebbing.' ’ ‘ ‘ Webbing ’ ’ 
.does not always manifest itself on application of the same 
varnish—an absence or low .-concentration of ultra-violet rays, 
together wdth an atmosphere highly charged witli,C02, etc., 
favouring its appearance. Generally speaking, it may be 
attsibuted to the presence of a large py)portion of insuffi¬ 
ciently polymerized China wood oil. flince many modem 
varnishes are -made with China wood ,oil as a constituent; 
the liability to ” webbing ” should be specially tested for 

I 

* Farben‘Zexl, 1919, 24, 1119. 

t^R. S. Morrell, J. Chem. Soc., 1918, 113, in. 
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by allowing glass plates coated with the vasnish to dry in 
an atmosphere highly charged with products of combustion. 

(h) Blistering and Peeling. —Both these faults are attri-^ 
butable to the same cause, viz. the entrappitig of ultimately 
volatile products underneath varnish'films. In the cage of 
blistering, solid impr^-ities, offen heavy ftietal soaps (driers), 
arising from imperfect maturing* of the varnish, set up local 
points of decomposition of the oxidized, film immecfet'ely 
in contact with the undercoat, with consequent development 
of gaseous products of decomposition which are unable to 
penetrate the covering film. The fault is naturally more 
common where the varnish film is exposeh to heat. No 
remedy exists when once the fault occurs, but careful 
flatting of the undercoat is usually a safeguard' against its 
occurrence. • • 

Peeling is similarly less likely to occur when thorough 
flatting of the undercoat has been done, owing to the more 
perfect " key ” or adhesion of the two surfaces. It is usually 
caused by the application of a varnish coating on an under¬ 
coat containing too much drier, for the reasons given above 
as to the cause of blisters forming round nuclei of drier 
particles. 

(f) “Ropiness.” —Ropiness, or the curdling of varnish 
under the brush, although more apparent during use, has 
usually occurred previous to its application. In its simplest 
form, it is due to chilling of the varnish with consequent 
disturbance of the accurately gauged viscosity and flow 
originally present. It must not be lost sight of that copal 
varnishes are at best somewhat unstable emulsoids or sus- 
pensoids vary susceptible to irreversible change under extreme 
condition| of cold. Curdling, however, is sometimes attri¬ 
butable to faulty manufacture, i.e. incomplete “ solution ” 
of the gum-resin in.the oil. It manifests itself as a gradual 
increase in viscosity during storage with ultimate separa¬ 
tion of a gummy C9agulum. Many vamistes are curdled 
by addition of raw or boiled linseed oil, petroleum spirit, 
otjier varnishes, etc. 

General Flaws or Imperfections in the Surface of a 
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Varnish Film are often apparent to a degree opt of all 
proportion to their cause,•/e^ small particles of falling dust, 

' ,etc., causing small pips, ridges, etc. The cateful straining , 
of the varnish jlrevious to use, employment of clean brushes, 
working in as far as*possibles dust-free atmosphere, etc., 
will do much to ol^date these imperfe|tions. 


Types of Varnishes 

A general de^ription of tlie manufacture of a typical 
varnish composed of gum-resin, drying oil, siccative and 
volatile thinnert,*s been given in the preceding pages. It 
being beyond the scope of this work to enter into the composi- ’ 
tion, of the many varnishes destined for special purposes, 
a brief description, hdwever, of the more general types will 
• not be amiss. 

Decorator’s Varnishes. —These varnishes, as their 
name implies, are intended for use by the house decorator, 
in distinction to the more exacting requirements of the coach 
or motor body painter. With the exception of Goldsize 
or Preparation Varnish already referred to, these varnishes 
are characterized by a fair degree of elasticity and moderate 
speed of drying. Church Oak is the term usually applied 
to a varnish yielding an especially hard film which does not 
appreciably soften at temperatures up to 40° C., it being 
intended for use on seats. The hardness of the film is often 
obtained by addition of lime to the gum-resin and oil combina¬ 
tion, a calcium resinate of high melting-point being formed. 

> Mixing Varnish is specially intended for conferring gloss to 
oil paints, and in consequer«ce of the liability of the latter to 
contain basic pigments, should have as low an acid value as 
possible. Inside Varnishes are usually of high gum-resin 
coi^ent, thus giving a great degree of -Jiardness and gloss, 
but not necessarily of great weather-resiAing power. 

.Coach-builder’s Varnishes. —These represent the high¬ 
est art of the varnish manufacturer, and are characterized 
“ by their careful preparation, long maturing, special selection 
of gum-resins, treatment of oil, and nature and proportion 
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of driers for which the partic^ular varnish is specially destined. 
It will thus be apparent that nojie'but specially selected pdle 
hard gum-reswis and carefully treated oils would J)e suitable^j 
for the pale varnishes known in the trade" as French Oil, 
Maple and Venice Body VanUshes. XAe terms Body Varjiish 
and Carriage Varni^ refer fo their intended designations 
of application to the body (dooh, roof), and under portion 
(wheels, etc.) of coaches. J apans will be dealt with bekrw' • ^ 
Varnishes for Special Purposes include such types as 
Boa( and Yachi Varnishes (specially prephred to withstand 
immersion in water); Sloving Varnishes for the protection 
of metal parts where rapid application swA "great hardness 
are essential; Polishing Varnishes intended for decoration 
of articles not exposed to the weather, in which the fjnish 
is obtained by hand polishing the flatfed dried film, etc 


Japans and Bituminous Varnishes 

These preparations occupy a special position to themseli'es, 
since they differ in having for their characteristic ingredient 
a bitumen or asphalt. Both gum-resin and oil may or 
may not be present, as the asphaltic substances differ far 
more widely in their hardness and elasticity than the various 
gum-resins, and correction of these properties to the degree 
desired is thereby obtained. The most important bituminous 
varnish used in the higher branches of the decorative crafts 
is known as Black Japan. The method of preparation, 
specific choice of ingredients, etc., varies widely with the 
different manufacturers, so that beyond a general descrip-, 
tion of the composition and properties of thjs product, 
reference .must be made for further details to the larger 
text-books. The specific purpose of Black Japan is in the 
production of a brawnish-black ground of particular txans- 
lucency or depth, thus differing from pigmented preparations 
"(black enamel) whic(i appear to reflect their depth of colour 
from the surface only. The main use of Black Japan in 
thp coach-building craft is in the treatment of mudguards, * 
etc. The varnish itself is obtained by amalgamating 
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specially-treatsd oil of great frying power with a suit- 
aSle bitumen in the sam» way as described in the manu¬ 
facture of ,copaf varnish. The Japan itself rarely possesses 
a great degree *of elasticity or weather-resistance, so that 
in use it needs to rechive a crating of a suitable finishing 
varnish. The art'lof the valnish, m^ker consists in the 
preparation of a Japan of a' great degree of dc])th and 
'intensity of colour without employing so high a proportion 
of bitumen that solubility of the latter in tlie ensuing 
coat takes place' a condition manifesting itself by the 
appearance on the finished work of an undesirable greenish 
fluorescence. ^i»tswick Black, Air-drytng Black, and 
Black Slaving Enamels also belong to the class of Black 
Japans. Black Varnish for “ pateilt leather ” is a varnish 
possessing an extraordinary degree of elasticity at low 
• temperatures combined with a high gloss and great trans¬ 
parency. It is obtained by suitable heat treatment of 
linseed oil in the presence of iron as a drier or jjolynieriza- 
tioij accelerator, Prussian blue being commonly employed 
as the source of iron. Addition of gum-resin or asphaltum 
is inadmissible on account of the extreme elasticity needed. 



Section II.-INSULATING VAENISHES- 


Owing to tlie high dielectric constants of resins, drying oils, 
and pitches, varnishes are valuable insulating materials. 
The following table shows the specific intuitive capacity of 
a number of insulating materials:— 


I 


Asphaltum .. 

.. 2 68 (Pirani) 

Plate glass 

.. • • 5 2 rArons) 

Parafhn 

.. 2 32-1 92 (Bergmann) 

Shellac 

.. 3'i-2 7 (Gordon) 

Resin 

.. .. 2 •55 (J^oltzmann) 

Porcelain .. 

.. 4 8-6 8 (Curie) 

Paper 

.. .. 2 o-2’5 (Pirani) 

Mica 

6 64-5-66 (Klemcnic) 

liakelitc 

.. .. 5-6-8*8 (Klectnc Test Laby., N.'V?) 


The solution of resin and oil in suitable thinners permits 
impregnation of other insulating materials, and after volatili¬ 
zation of the solvent a film of non-conducting material is 
left with high moisture-resisting properties. In the case 
of many varnishes the film is sufficiently elastic to bear 
strain, and rise of temperature in working is often insufficient 
to cause brittleness so that the surface coating remains intact 
for long periods of time. The description of insulating 
varnishes is inadequate in most text-books on varnishes in 
English, although some firms_ issue brochures .describing 
the properties and uses of their preparations. It is left to 
the electrical engineer to put forward his requirements and 
to state the conditions under which the materials are used. 
In this brief statement of the subject the general principles 
6f the functions of,insulating materials as daid down .by 
Fleming and Johnson in their handbook, “Insulation and 
Dqgign of Electrical Windings ’’ (Longmans, 1913), have been 
closely followed. To the varnish student it will be evident 
206 
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which classes* of varnishes are ^ost suitable for different 
s^^tems of insulation wi^hgut going into details of the 
• composition of the mixings. To the electrician a break¬ 
down due to defective insulation is costly and leakage of 
current makes econoinical and safe working impossible. 
The varnishes of iifeulating coatings ^ust give maximum 
insulation with minimum tRichness and maximum penetra- 
^•tion combined witji marked waterproofing properties. 

Fleming and Johnson classify insulating varnishes as 
follows :— '' 

(i) Varnishes for impregnating windings. 

{2) Vaiflislies for treating paper and fabrics. 

(3) Cementing varnishes. 

, (4) Finishing varnishes. * 

(i) Varnishes fof.Impregnating Windings.—These 
•varnishes are used to fill the coverings of windings, thereby in¬ 
creasing their insulating value and rendering them moisture- 
resisting. They must, moreover, resist the action of the hot 
mineral oil which is essential for oU-immersed windings. The 
film should be sufficiently flexible to withstand mechanical 
stresses, and expansion and contraction of the windings, 
and retain their flexibility with age. There must be no 
corrosive action on copper or destruction of the fibrous 
insulation coverings. The varnishes should be as free as 
possible from organic acids which tend to become active 
during the process of oxidation of the varnish especially 
when it is stoved. This corrosive action of the organic 
acicfs is not serious except for fine windings, i.c. wires of 
J 3'02 in. diameter and smaller. The corrosive action of the 
adds appears to cease wiien the varnish becomes dry. 
The green discoloration often noticed on windings impreg¬ 
nated with linseed oil resin varnishes, especially those 
containing turpentine, occurs during the frying process, and 
wRen once the varnish has hardened no farther action seems 
to fake place. ‘Experience has shown tjiat the acids in var-* 
nishes are not the main cause of insulation failures. The 
•presenceof a certain anjount of mineral drier is permitted.if 
air-dr5ang coatings are required, and also in stoving varnishes. 
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It must be pointed out that the oxidatioij, of a varnish 
continues slowly even after it rppears dry, so that tfie 
elasticity whl^gradually decrease and care must be taken in 
the amount of drier present and iri the proportions of resin 
and oil present in the mixing: 

An air-drying vE^ nish is usually made to dry in 10-15 
hours and a stoving varnish in ii-15 hours at a temperature 
of 100° C. ^ ». ■ . 

Pitch varnishes containing linseed oil are of more per¬ 
manent flexibility, but have a lower dielectric strength and 
are less mineral-oil resisting. 

In linseed oil varnish films only the optsrie is really dry. 

If a resin dissolved in spirit or suitable petroleum thinner 
is used the windings areidry on the expulsion of the solvent, 
but such films lack the flexibility of Ijnseed oil varnishes.' 

The shellac varnishes are suitable for insulation of low, 
voltage windings such as instrument coils, where the temper* 
ature variation is small and there are no mechanical stresses 
to be considered. The coatings are, however, brittle, and 
although the shellac dries quickly it is not permanent in 
moist air. 

The so-called heat - radiating varnishes are compara¬ 
tively poor insulators and more satisfactorj^ results are 
obtained by filling interspaces in the windings with solid 
compounds. 

It is of the greatest importance to remove moisture from 
the cotton coverings before the varnish is applied, other¬ 
wise insulation may break down due to ionization caused by 
the water. The drying of the windings is performed prefer¬ 
ably in a vacuum chamber, and t^e varnish should be allowed 
to impregnate the coils prior‘to removing them from the 
vacuum chamber, thereby ensuring greater penetration of 
the varnish. The varnishes require thinning from time to 
time with benzineito maintain the penetrating power, aftd 
special care should be taken to ensure that the first coat is 
dried before a second coat is applied. When more than one 
coating is applied the windings should be drained from* 
opposite ends to ensure uniformity ol coating. 
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Solid im{)regnating compounds on an asphaltum basis 
llave now considerably sijpers^ed varnishes in the insula¬ 
tion of. windings. The impregnation is‘complete in one 
Operation, ‘the eoatings fere more chemically inert and are 
bettet fillers and more moisture-resisting. A difliculty in 
their use is selecticfa of the asj^ialtum 'fhich will impregnate 
the windings at a suitable* temperatiire and will not ooze 
.out <iE the windings during the working. Generally the 
■ asphaltums used soften at io5°-ii5° C. and do not become 
appreciably fluid i,elow 150° C. If the impregnation tetnper- 
ature is raised too'high the coverings may be carbonized and 
if too low the (i;nnpound may ooze out when the winding is 
in use. These compounds are used on field coUs and station¬ 
ary windings, but not for revolving parts, owing to displace¬ 
ment by centrifugal forces, nor for transformer work, owing 
to rise in temperature, or for immersed types of transformers 
"fefhere the asphaltum may be dissolved away. 

Method of Application.—The windings to be impreg¬ 
nated are dried in a vacuum chamber. The compound 
is melted in a steam-coil-heated tank and introduced into 
the vacuum chamber by opening a valve in the connecting 
pipe, the atmospheric pressure forcing the compound 
out of the melting tank into the vacuum chamber. The 
windings in the vacuum chamber are now subjected to 
an air pressure of 50 lbs. per square inch so as to complete 
the impregnation of the coils. 

(2) Varnishes for Impregnating Papers and Fabrics. 

—^Tlie requirements are good flow, high moisture-resisting 
power, and great flexibihty. It is of great importance that the 
*physical properties of the coating materials should.be perma¬ 
nent under working conditioifs. They must not be^attacked 
by mineral acids. The presence of mineral acids is immaterial 
provided there is no chemical action between them and the 
pjpper or fabric. Owing to the natural tnoisture-absorbing^ 
powers of the p^per and fabric they must be heated, but not 
too'much, to reduce their flexibility. As in the case of all 
.insulating varnishes a proper balance must be maintained 
between stoutness and* penetration, and the selection of a 

14 


s. 
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variety will largely depend on this factor. The thickness 
of the coating is about c|;oo2 jn.' A linseed oil varnish 
can be emploved'containing rerin with drieis, which can be 
stoved at lOo* C. to give a smooth elastic surface with du^ 
consideration of the penetrating power and elasticity of 
the film. ^ 

(3) Varnishes for' Cementing Purposes.—These var¬ 
nishes are used in building up mica sheets and i:) the. 
preparation of mica cloth. Spirit varnishes, shellac, or spirit * 
soluble copal in methylated spirit may be used. These 
varnishes dry without oxidation and soften on heating, so 
that their use is restricted by temperatjVre limitations. 
They are employed for the preparation of insulating tubes 
and for cylinders of pajipr and mica. 

(4) Varnishes for Finishing Purposes.—These varnishes 
are used to give a smooth coating to the coils or windings 
which win prevent dirt or dust from accumulating on the* 
surface. They must be air-drying and resist lubricating oil. 
Shellac and pitch varnishes give a smooth surface but are 
brittle. The varnishes may be sprayed on. Provided«the 
windings are protected by smooth tape the impregnating 
varnish is sufficient, although the surface must be hand- 
brushed, which adds to the cost of production. 

For testing the insulation power it is customary to include 
drying tests, breakdown voltage, the effect of hot tnineral 
oil, brittleness, economy test (which is a test to determine 
the proper concentration of a varnish giving the maximum 
breakdown voltage), shop tests with the varnish in tfulk, 
penetration tests whereby the depth to which a varnish has 
penetrated the material built up in layers, and finally the* 
rate of moisture absorption by measuring the' insulation 
resistances at frequent intervals of a coil immersed in water. 

The testing of ^ varnish as carried out by the National 
Physical Laboratory would be on the lines of impregnating 
'coils of double cotton-covered wire and submitting adjacent 
layers of the coils to an increasing alternating voltage vtotil 
breakdown occurs. The pressure would be applied, to the ^ 
cdils in steps of 100 volts for periods of i minute starting 
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at 500 voltSj The varnish coating would be stoved at 
J35° F., 23" vacifum or 24o°^F.»at ordinary pressure, A good 
elastic- insulating varnish tested under tl^ese ccftiditions. 
would stand atf electric f)ressure of 1400 volts before breaking 
doyh. The coils woflld be dipped only once in the varnish. 
Doubly coated tfie protectio’n wquldfbe greater. It must 
be pointed out that direcf current bteakdown voltages are 
alwaiys higher th^n alternating (about twice), probably due 
to less internal heating and absence of alternating dielectric 
stress. General^,' the voltage required to produce a Ip-eak- 
down should be about louo volts per mil, in a thickness of 
o'oob in, 

A few figures may be quoted from ,Sceligman and Zieke. 
to give some idea of the breakdown voltages, but they must 
not be taken as anytfiing more, as so much depends on the 
. thickness of the layer, the penetrating power of the varnish, 
‘and the general conditions of the tests— 


Shellac (one coating) .. 
Liiibeed oil (drying oil) 

Stand oil 

i)aminar in turpentine 

Flatting varnish 

An elastic insulating varnish 


450 volts. 

<>50 .. 

2400 

050 ,, 

400 

3000 


In Part III, reference was made to the uses of Bakelite for 
insulating purposes. Paper impregnated with Bakelite 
varnish is used in the manufacture of “ Micarta ” sheets, 
“ Pectinax ” tubes, and transformer terminals. Paper is 
inyjregnated with the varnish and dried ; and a sufficient 
number of the sheets of paper are then pressed together or 
rolled into tubes. In this way cylinders up to 3 ft, in 
diameter .and transformer terminals from 6-9 ft. long are 
made to stand 100,000 volts (Williams, " Electric World,” 
1911). 

•The dielectric strength of sheets of impregnated Bakelite 
paper is 53,700 volts for in., compared with 50,460 voltg 
with shellac fiaper. The varnishes may be used for the 
impregnation of coils, armatures for magnetos, arc lamps, 
transformers, etc. Fluid Bakelite ” A ” can be used Jot 
impregnation of arc lamps or magneto coils. It penetrates 
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through the windings and forms a solid block. , It has not as 
yet replaced asphaltum impjegpa*ion. The coils are said, 
to resist mechanical shocks better than when resiqs are used, 
and the heat-conducting properties, althcfugh weak, are 
greater than those of ordinary resinou!? materials. It resists 
acids, chlorine, and 4 eak, alkalies. It must be remembered 
that Bakelite requires a stoving heat of iqo^-iyo® C., and 
the excessive strength of the filling renders the dismaKtling 
of the parts difficult. 

Ip view of the varied requirements for an insulating 
varnish it is evident that special varnishes are wanted for 
different kinds of work. The risk in employment of a new 
kind of varnish must be great because of failure in insulation 
and its effects. Although much can be avoided by capeful 
preliminary testing it must be reinemljered that a durability 
test takes time under working conditions. Thus, once - 
a variety has been found to give satisfactory results there is 
little inclination to change, unless inducements are offered 
in the form of improved insulation, combined with cheapness 
of material and of application. 



Section III.-SPIRIT- VARNISHES 

Spirit varnishes are characterized by their consisting of an 
alcoholic solutioil of resin or mixture of resins, so tliA the 
“drying” wlyeh takes place on application on a surface 
consists merely in an evaporation of the solvent, the resinous 
constituent remaining in its origina) state as before solution : 
they thus possess the ;idvautage of drjdng much more rapidly 
. than oil varnishes. Owing to the fact that a constituent 
* which possesses the same elastic properties as the dried oil 
or linoxyn in an oil varnish has not yet been found, the result¬ 
ant film is necessarily more brittle and never i)ossesscs the 
toftghness which would fit it for the hard wear to which the 
latter class of varnishes is subjected. The properties of a 
spirit film varnish being intrinsically those of the particular 
resins chosen there is a certain variety of properties in the 
dried film which are limited only by the solubility of the 
resins. Although the individual resins possess varying 
degrees of toughness, a toughness approaching that of even 
a moderately elastic oU varnish cannot be obtained. It may 
be* pointed out that among the spirit varnish resins may be 
found some which possess the properties of impermeability 
to gases and water, insulation, etc., which are not obtainable 
to the same degree in ofi Varnishes. Some improvements 
in elasticity of spirit varnish films is obtained by the addition 
of, certain substances, which, howevej, at the same time 
Seriously diminish their hardness and| wearing properties. 
Spirit varnishfs lend themselves especially to the preparatidn 
of coloured varnishes owing to the ease with which anihne 
colours can be dissolved in methylated spirit. 

Preparation. —Of the preparation of spirit vamiShes 
213 
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consisting merely in tlie solution of the resin in alcohol little 
description need be given. »Therf are three methods ii;' 
general use: the fivst consisting merely in stirring the sub¬ 
divided resin in a suitable quantity spirit in an open vat * 
until solution has taken place and then allowing the insoluble 
impurities, bark, woo^l, etc., tu separate 'oy settlement or 
filtration. The other methods purport to accelerate the 
solution of the resin, the most widely used being th^t of 
accomplishing solution in a horizontally-disposed wooden 
barrel fitted with a manhole for charging, the barrel being 
rotated about its horizontal axis either on geared spindles or 
on trunnions. The third method consists in 4 issolving the 
resin in spirit in a closed steam-jacketed digester fitted 
internally with stirring gear. Although the hand-stirring 
method of solution appears primitive jt, is claimed by many 
authorities that paler varnishes are obtained by this means 
owing to the lesser contact with air to which the varnish is * 
subjected. 

The further treatment of the freshly prepared spirit 
varnish, viz. the clearing, is either accomplished by simple 
sedimentation or filtration; in the latter case special 
precautions have to be taken owing to the volatility of the 
solvent. Shellac varnishes, i.e. alcoholic solutions of gum 
shellac, will only clear to a limited extent by sedimentation, 
a considerable amount of turbidity being present even after 
long standing, and filtration not being practicable owing to 
the fine subdivision and slimy nature of the insoluble 
constituent (shellac w'ax). This class of varnish is com¬ 
monly sold and used in its turbid condition, the insoluble 
constituent indeed being an intrinsic and necessary part 
of the preparation for certain'purposes (“French polish¬ 
ing ”). The properties and uses of the spirit varmshes 
are best considered, by reference to the individual resijis 
> which have been de^ribed in Part III. Additional facts of 
technical importance may be given under .the following 
special headings of thd spirit varnish resins. 

, Shellac. —^This represents the most important constituent 
of spirit varnishes, possessing a degree of elasticity and 
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hardness distinguishing it fronji all other gums and resins. 
Shellac, as it coAes into J;he market in its various’ forms of 
^flake sheUpe, bfltton lac, garnet lac, etc., "is a manufactured 
product, the different trftitments producing the lac in various ’ 
forpfs and conditions of purity^. 

The preparatidn of shellat for the tnarket from stick-lac 
embodies the separation 6f bark’ vcod, etc,, removal of 
• Co’lotwing matter^ and conversion of the resin into shellac. 
The separated colouring matter finds an outlet on the market 
as lac-dye. Shellac is prepared in India by somewhat 
primitive methods, the first operation of separating the wood 
from the resin»bei^g done by crushing the stick-lac by hand, 
a knife being used to assist the operation of separation. The ^ 
dye^is removed by stirring the partiy purified lac in a closed 
cylinder fitted with cgitating gear with water or a weak 
solution of caustic soda, a fair proportion of the dye going 
into solution in the water. The water is decanted off and 
the dye may be precipitated with a solution of alum. The 
residue is then carefully dried, transferred to a roll of cotton, 
an 3 . the roll containing the stick-lac gradually warmed by 
bringing it into proximity of a fire; the ends of the roll are 
twisted to squeeze the molten shellac through the cotton. 
The molten lac is then allowed to solidify on plates or water- 
cooled rolls from which it is removed in flakes of an orange- 
brown colour constituting the flake shellac of commerce. 

Button lac is obtained in the form of large flat or slightly 
hollowed buttons by stirring the crude lac with hot water 
for several hours to remove the colouring matter, melting 
and casting into buttons. Adulteration of this variety with 
rosin is pot uncommon,^ such admixture made partly to 
facilitate melting during manufacture. 

Garnet lac is a special preparation of shellac characterized 
by. being free from contained wax. The waxy constituent 
<5 shellac being insoluble in alcohol a <;lear solution is not 
otitainable frcm any variety but garnet lac. Shellac free^ 
from wax is obtained by either fractiohally precipitating the 
wax from a strong alcoholic solution of shellac by water, the 
wax separating out first and the shellac remaining in solution 
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being recovered by distillation of the alcohol, or by treating 
with aqueous solutions of lalkalj carboifate wherein the 
shellac ^dissolves, leaving the wax insoluble '"as a scum. Ip. 
the latter metfiod the shellac is recc/cered by* acidification of 

the alkaline solution. » ' 

♦ ♦ 

In connection witfe bleached shellac if must be pointed 
out that many of th» specially 'desirable properties of the 
original shellac are lost; among them being the elasticity 
and ready solubility in alcohol. It was pointed out in a 
formm chapter that the determination of «the iodine value 
of shellac was a method lor estimating 'the colophonium 
content, but the method is not applicable J;o the examination 
, of the residue from a solution of shellac since any rosin 
present in the resin would become oxidized during evapora¬ 
tion of the solvent with consequent'loss of iodine value. 
In such cases a quantity of shellac varnish representing about 
2 grams of dry shellac is weighed into a separating funnel,* 
200 c.c. of petroleum ether (B.P. 35°-6o° C.) added, followed 
by 100 c.c. water added drop by drop with shaking. This 
will result in the separation of two layers with an intermediate 
layer of shellac, the rosin remaining in the clear petroleum 
ether layer. The rosin can be estimated by the usual 
methods (Mcllhiney, J. Am. Chcm. Soc., 1908, jo, 867). 

Of the various designations of alcoholic solutions of shellac 
may be cited “ French polish,” ‘‘ patent knotting,” negative 
varnish, bookbinders’ varnish, label varnish, whilst many 
other varieties are obtained by suitably modifying the 
properties of the resin by addition of other resins, i.e. elemi, 
Venice turpentine, sandarac, etc. 

The remaining resins which are used in the manufacture 
of spirit varnishes are entirely of vegetable origin, being 
solidified balsams exuding from different species of trees. 
These resins include Manila copal (soft variety), elemi, 

< sandarac, etc. Of ttese, soft Manila copal is by far the mo^ 
mdely used as it enters into the composition of the pale 
spirit varnishes where' high gloss forms a more important 
consideration than elasticity. The occurrence and mode of 
production of the resin has been described in Part III. It 
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ap|)ears in the market as pale^yellow tears or lumps, some 
Varieties of whiA aggloijierat< together by slight heat and 
pressure (“ blOcky gum ”). The degree of solubility of 
different samples of Mafiila gum varies somewhat, many not 
being soluble in spirit, and leamng a stringy residue. Manila 
resin is principally used in that variety of varnish known as 
« white hard spirit varnish.” ■ ’ • 

• * Manila varnishes are also considerably used as vehicles 
in the manufacture of spirit paints and enamels. Addition 
of small percentages of castor oil or linseed oil fatty ^acids 
is often made td reduce the brittleness of the dry fdm of 
resin. Sandajac, as one of the hardest of the spirit soluble 
gums, is employed as an addition to spirit varnishes to, 
impart hardness to the film. It^ brittleness precludes its 
extended use as the soje constituent of a spirit varnish. 

Benzoin, often erroneously termed “ gum Benjamin,” 
is the product of Benzoin officinale (cf. Part III.). It is 
relatively unimportant, being used by the varnish maker 
mostly on account of its characteristic odour. The alco¬ 
holic solution of gum benzoin appears in the Pliarmacopada 
as tincture of benzoin or Friar’s Balsam. Benzoin finds its 
principal application as an addition to spirit varnishes in 
small proportion, its aromatic odour rendering it useful 
in improving the odour of spirit varnishes intended as 
leather dressings. 

Acroides Spirit Varnishes.—^The red acaroid resin 
is used only for coloured spirit varnishes. It is strongly 
li^t absorbing, and a concentrated solution containing a 
little castor oil or copaiba balsam gives a red-coloured film 
which may be used to coat the windows of pjiotographic 
laboratories so as to excltidS actinic rays. 

It is often mixed with shellac spirit varnishes and used 
as, shellac substitute as it dries quigkly and hard. In 
Morth America the red resin is used i» large quantities in 
leather making. Its special important property of holding, 
even in spirit solution, small quantities of rubber enables 
it to.fnrnish elastic films which are stated to be watq^- 
resisting. It is used in sealing wax and for making aromStic 
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soaps. Attempts to bleach,the resin have riot been shc- 
cessful and the strong coloui of ty^th varitties limits thei;* 
use except for “ knbtting.” The high percenthge of insoluble 
matter makes purification advisable* before it can compete 
successfully with other spirit S9luble resans. 



Section IV.-C!ELLU]^0SE ESpR VARNISHES 

* AivTHfeuGii solutions of cellulose nitrate have been known 
and used for a number of years, the particular properties 
shown by iilnrs cpnsistiiig of cellulose acetate tempered by 
various plasticizing agents have brought these products to 
the forefront (fUring the War. 

The cellulose nitrate (erroneously referred to as nitro- • 
cellulose) Varnishes have for their cotmnonest representatives 
the well-known collodfons and celluloid. 

•, The collodion of the British Pharmacopoeia consists of 
pyroxylin or cellulose nitrate CisHjiOefOH) (N03)8, dissolved 
in a mixture of three parts of ether and one of alcohol.* 
The resulting emulsoid appears as a viscous translucent 
colourless liquid. On evaporation it leaves a harsh brittle 
film which often dries porous and opaque, owing to the 
presence of water deposited within the film and originating 
from condensed moisture from the surrounding air, the latent 
heat of evaporation of the volatile ether solvent causing 
considerable lowering of temperature. The brittleness of 
collodion is moditied by addition of castor oil and Canada 
baljam in flexible collodion or collodion flexile (B.P.). 
The high rate of evaporation, inflammability, and tendency 
•to dry to an opaque film are modified in commercial forms 
of cellulose nitrate solutiogs.by replacing the ether-alcohol 
by amyl acetate with addition of castor oil to impart flexi¬ 
bility to the film. Lower rritrates of cellulose down to the 
dinkrocellulose are also employed as a ffesis of the cellulose 
nftrate varnishes in combination with other solvents and, 
non-solvents, e^. acetone, methylated spirit, benzol, and 
petrol, etc. 

• Cellulose tnnitrate (gvm cotton) is insoluble in a mixture of ether 
and alcohol. 
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A solution oi nitiated cotton in the aboAfe-mentiohed 
solvents is known as “ Za]pon,”,.a colourless lacquer fpl 
protection of bright metal parts from rusting and tarnishing. 
As an adhesive it is often blended with shellac to give a 
lustrous coating for metals. r 

Celluloid Varnishes.—If 'coUodion wool is mixed with 
camphor and heated under pressure it is transformed int'- 
celluloid. Celluloid requires the same solvents as collodiOK, 
giving a varnish which is colourless, lustrous, and adherent 
which does not crack and may be easily coloured like al! 
spirit varnishes by solutions of aniline dyes. The additior 
of castor oil renders the coating more elastic and more 
adherent. They are tougher than collodion varnishes anc 
may be applied in thicker coats, e.g. up to J in. .thick, and 
the coats are brilliant and adherent, waterproof but higlilj 
inflammable. 

Cellulose Acetate Varnishes.—It is safe to assume 
that the great importance which the manufacture of this 
product has assumed has been entirely due to the pari 
which cellulose acetate varnishes (“ dopes ”) have played ii 
the War. Cellulose acetate films have the distinctiv< 
property of possessing relative uninflammability, in additior. 
to which those obtained from cellulose acetate, prepared under 
certain specific conditions, when applied to linen fabric have 
the property of inducing increased tautness. The import¬ 
ance of this latter property will be recognized when considered 
from the standpoint of application to a stretched fabric, 
viz. the wings of aeroplanes. The “ solubility ” of cellulose 
acetates in different media is dependent on the mode of^ 
preparatiop of the ester just as in the case of the cellulose 
nitrates, but the variety chosen for the preparation of air¬ 
craft dopes is not dissolved in the usual nitrocellulose 
“solvents,” acetone and its homologues with other “.sol¬ 
vents ” and “ non-solvents ” being usually employed. • 

In the manufacture of dopes, “ plastidzing ” agents, 
e.g. triphenyl phosphate, etc., are added to reduce the brittle- 
uess of the film whilst retardation of the rate of evaporation , 
of' the volatile continuous phase is effected by addition of 
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certain liqutdj of high boilina point, viz. benzyl alcohol, 
torpineol, etc. * , ^ * 

, The loyfer degree of inflammability of cellulose •acetate 
las not resulted in th8 adoption as a base for varnishes 
)the1' than those intended for^covering aircraft wings owing 
;o its higher co^ and the ‘relative unimportance of the 
riflammability. 

• ■ Cellulose acetqte sols, on the basis 01 a ainerent variety 
)f ester to that used in dopes, are used in the manufacture of 
irtificial silk fibfes. It must be mentioned that in cpnse- 
juence of the high viscosity simultaneous with low concentta- 
ion of the soJs o[ both cellulose nitrate and acetate their 
imployment in place of either copal or spirit varnishes is 
nardly likely to take place when thq question of the necessity 
of application of films of tolerable thickness comes into 
■ question. For outside wear the doiie is sensitive to the actions 
*of ultraviolet rays and must be protected by incorporation 
with a protective pigment, moreover its water-resisting 
power is not verj’ great and it has to be covered with a varnish 
of low water-absorbing power, preferably a China wood oil 
varnish. (For an account of the commercial development 
of the manufacture of cellulose acetate, see F. C. Worden, 
J. S. C. I., 1919, jS, 389.) 
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THE^usual varnish examination includes the determinatioi 
of specific gravity, flash point, colour, viscosity, the amount 
and nature of the solvent or thinning spirit, a qualitative 
test tor rosin, and the gravimetric estimation of the ash 
yielded on ignition of the varnish. Moreover, a drying test 
on glass or on a prepared wood panel and examination of 
the rubbing properties as well as the action of hot and cold 
water on the film are noted. It is evident that the above 
tests give inadequate information as to the durability of 
the coating which can only be satisfactorily determined by 
several months’ exposure. To a very limited degree the 
expert can predict the properties of a varnish film, but the 
dependence of the properties on composition is by no means 
certain, owing to the difficulty in estimating the proportions 
of resin and oil in any mixing as well as the lack of know¬ 
ledge of the connection of the properties of the fused 
resins with their physical and chemical constants. The 
separation and determination of the thinner is comparatively 
easy and accurate (de Waele and Smith, Analyst, 1918, 
408). The separation of the resin and oil is difficult and 
the identification of the components is by no means certain. 
The different processes employed for the depolyfnerization 
of the gum introduce difficulties in the identification of the 
separated resins. At present there is no agreement a?, to 
the estimation of the component oils which may be present 
in a more or less polymerized state. The,changes which 
occur in the “ ageing ” process undoubtedly modify the 
properties of resin and oil. A summary of the methods . 
employed in varnish examination is given by Boughton 
222 
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(Technologifcal Papers of the Bureau of Standards, No. 65 : 
^.Determination of OilandResm in Varnishes,” Washington, 
1916). It is evident that if the estimation of the glyceryl 

■ radicle in an oil mixing \fere accurate the determination of the 
oil y/ould be easy, al^^hough no distinction could be drawn 
between simple and polymeiized oil. It must be pointed 
out that the saponification value of a varnish is useless, 

. because the resins contain esters; Attempts to separate 
the resin from tlie oil by use of special solvents has not met 
with success. Vorhees {Bull. 109, Bureau of Chemistry, 

■ Dept, of Agr., U.S.A.) proposes to separate resins by petro¬ 
leum ether, which dissolves the oil and part of the resins, 
and transforming the oils into liuoxyn by oxidation. Treat- , 
ment with chloroform will separate the resin from the 
insoluble linoxyn. Boughton considers the method in- 

, accurate for general use. The separation of resins and oils 
has been attempted by an esterification method depending 
on the more rapid esterification of the oil acids in the 
presence of resin acids. This method was suggested by 
Twitchell (/. Soc. Chem. Ind., 1891, to, 884), and has been 
criticized and modified by many workers (Gill, J. Amer. 
Chem. Soc., 1906, 28, 1723; Holley, "Analysis of Paint and 
Varnish Products,” 1912,259; Bewkowitsch, " Oils, Fats, and 
Waxes,” 5th Edition, in, 165 (1915); Boughton, loc. cit.). 

In the opinion of one of the writers the difficulty lies in 
the proper control of the rate of esterification of the oil and 
resin acids as will be evident from the description of the 
process: after the removal of the thinners the resins and 
oils are saponified and the unsaponifiable matter is collected 
and taken as part of the resin. The soap solutioij is treated 
with acid and the liberated'frftty and resin acids are esterified 
in absolute alcohol solution by gaseous hydrochloric acid 
whereby the former are transformed into ethyl esters and 
the latter are considered to be unattarked. The mixture 
of oil esters and resin acids is treated with petroleum ether 
and shaken with dilute aqueous potassium hydrate which 
, extracts the resin acids. The petroleum ether contaiits 
the oil esters which are weighed directly. From the aquedus 
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alkaline solution addition of acid liberates the free acids, 
which can be collected and wei^lifd as resin together witfi 
any solid matter which is insoluble in petrdeum^ether. 
the esterification has been incomplete the resin values will 
be high owing to contaminated oil, whereas if it has tjeen 
carried too far the oif content tvill be too high owing to the 
presence of resin esters. The method works fairly *satis^ 
factorily if rosin and lin.seed oil are alone jpresent, but with 
copal resins, polymerized oil or China wood oil mixings the 
method is not so reliable. The following “ngures obtained 
by one of the writers will give a rough idea of the degree of 
accuracy of the method if the esterificatiojr is carefully 
, controlled:— 



Found • 

Calc. 

Found." 

Calc. 

Turpentine 

• 41*36 

4>'3 

40-45 

' 43'5 

Oil (linseed) 

■ 3877 

34 ' 8 i •• 

42-29 

40-52 

Resin 

. 13-8 

I4'0 

M 77 

14-9 

Residue (driers) . 

• 307 

1-89 

0-83 

V 34 


Mcllheney {Proc. Am. Soc. for Test. Mat., 1908, 8, 596) 
has modified the method, but Darner {N. Dak. Agr. Exp. 
Sta. Paint Bulletin, 1915, i, Ko. 6) and Boughton (loc cit.) 
find that the modification is unsatisfactory when tung oil 
is present and the separation of the precipitated resin is 
very troublesome. The results obtained by one of the 
authors is in agreement with Darner and Boughton (see 
p. 225), and he is of the opinion that the substitution of 
methylated ether for petroleum ether by Boughton, although 
preventing emulsions and shortening the method, introduces 
an error owing to the partial solubility of the resin acid salt 
in methyl ether, but he agrees with Boughton that methods 
involving esterification by Twitchell or Wolff Methods 
(Chem. Zeil., 1914, 38, 369) are tlie best so far devised for 
practical use, although the accuracy leaves much to be 
desired. The method is tedious, and to obtain satisfactory 
results large quantities of varnish (60 grams) ought to We 
used. • 

An attempt to estimate the amount of polymerized 
oil was made by treating the resin and oil. after 

* • Mean of 3 analyses. 
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Resin 


Mcllhenoy’s 
method. 
20 5 


Oil {linseed jnd tung oilf fi 28 


Twitrhell 

method. 

17-0 

34 '.w 6-4 


Oalc. 

15-0 

. 35-87 


Schemf of Boughton's Method. 


Yarnish 

1 

igniiyon 

' Ash% (A) 
1^.;_ 


Varitish 

• I 

HcAt 5 lK)ur^ 
at T15® C * 

j ^on-volatile I 
'.ttcr % (li) I 


\'arnish 

* I 

Tj-eatment with alcoholic KOH 
an^I extraction with etlier 


_1 

1 'art (if 

iins.ijiomtrilile' 
matter f\| ; 


Si),i])s ol resins and fatty 
.a ids and part of 
' niisaponitiablc matter 

Tr^atnlt‘^t with llt'I, separation 
of fatty ami rcMii acids and nnsajioniti- 
ablc inattcr, estenfic.ation with aleoliol 
and Hjb04 and treatment y ith KOIlaq 


Ethyl esters of fatty acids and 
part of unsaponiJiablc matter 

Treatment with alcoholic KOH 
and ether 


I 


Part of iinsaponifi- 
able matter 


Soaps of fatty 
acids 

Treatment with 
HCl, extraction 
with ether, etc. 

I 


I 

Soaps of resin 
esters 

I 

Treatment with 
HCl extraction 
with ether 


Resin acids % 

(R) . 


Total unsaponifiable 
matter % (C) 1 


Fatty acids % 

(D) 


D = Oil %. 

B - (A + D) = Resin %. * * 

Products marked X may be disregarded unless it is desired to check the 
percentage of resin as follows: 

• (C + E) X I'oy = Resin (%). 


removal of the, thinners with acetone (Morrell, J. S. C. 

1915), and the soluble and insoluble portions were 
estimated separately for gum and oil content. For examp^p, 
in the analysis on p. 524, the ratio of thick to thin linsEed 
S. 15 
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oil was found to be i : 2 5, a ratio quite diflereiit to the 
calculated amount of thick oil pfcsciit, but explicable by* 
the pofomerizatiofi occurring during making' and “ ageing ’’ 
of the varnish * . 

The identilicaliou of the resins aivJ oils is difficult,"and 
it is evident that tlie resins and oils separated in the analysis 
will not be verj' close!)' 'connected in their constants with 
those of its comjioneuts. • I'or example, referring to amly'sfs ■ 
already quoted ' 

CiriKinal Oil Original 

oil. scpdraUcl. separaird re^in 

lodinn value iS') 92-100 *57 109 

Saponification value .. i()o J72-iiS() loi-iio 120-130 

Acid value . . 1-2 ^4 ♦ 27 • 22-28 

The presence ol polr nierized oil accounts ff)r tlie reduction 
in the iodine value as w'ell as absorption of HCl during the 
Twitchell esterification Nevertheless some deductions 
may be drawn as to distinction between soft Manilla aird"' 
Congo copals. 

The great difficulty in the estimation of a varnish lies 
in the necessity of using large quantities of material and the 
tediousiiess of the sejiaration. In fact, the anahsis of a 
varnish constitutes a research which makes it difficult to 
obtain results in reasonable time lor practical purposes. 
There is great need for a rapid and accurate method of 
examination. For the estimation of metallic driers the 
ignition of the varnish and estimation of the metallic oxides 
by the usual gravimetric or volumetric methods is quite 
straightforward. ‘ 

A. de Waele (Piw. Oil and Colour Chemists’ Assoc., 1920, 
77, 75) draws attention to the necessity of interpretation by * 
a varnish technologist of the results obtained by analysis, 
and on a basis of consideration of the technology of the 
varnish-making profess gives a method of which the follow¬ 
ing is a resume. .The method is somewhat involved in 
manipulative detail, and the reader is referred to the original 
paper. 

The volatile thinner is estimated by a simplified method ^ 
of*distillation with water (A. de WaeW and F. Smith, Analyst, 
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I9^7i 7’. 1^70, and A de Wade, Analyst, 1918,.^?, 408),, 
'^wo to three i^rams of'vamish only being used for the deter- 
tjiiuatiou, ^ajid 1*he residue ol fixed oils, resin, and dri^r being 
employed for ^lie ren«aiiider of tlie anah-^is The non- ' 
vohftile residue is sapi'iiified with strong jiotassiiun hvdroxide 
iu_beuzol-aleoholMhe soap ef'aporateS to drvuess. taken up 
with water, aeidilied niidfr cthei', and the acpieons layer, 
(!dnsiitiug of the mineral matter jiresent as drier, etc., 
separated off and diseaided The acid ethereal laver is then 
shaken up willf excess of jiotash and the unsa])oniliable 
matter remaniing*in the ethereal layer estimated in the usual 
waiy. The ipjenuediate sjej) of acidilication of the soap 
solution with siibseiinent reconversion into soaj) has for its^ 
object the removal of lead, calcium, etc., which might be 
present from rosiuate jind which would subsequently interfere 
with convenient separation. 

The soa]r freed from nnsaponifiable matter is then acidified 
under petroleum-ether (bp. 33°-6o° C.), whereby “gum- 
resin acids “ sejiarate as a flocculent intermediate layer. 
Tlfese are removed, dissolved in ether, and w'eighcd. The 
petroleum-ether hu'cr, consisting of resin acids from both 
rosin and gum-resin together with fatty acids from the oil are 
then evaporated to dryness and esterified in 95 per cent, 
alcohol with i c.c. of strong hydrochloric acid as catalyst 
for 30 minutes at boiling temperature. An equal volume 
of ])etroleum-ether is added, the acid jiresent neutralized 
wiyi normal alkali, and water added to an amount sufficient 
to dilute the alcohol present to 60 per cent, strength. This 
ensures adequate seiiaration of the alcohol and petroleum- 
ether layers whilst inhibiting hydrolysis of the rosin soap. 
The aqueous layer !s then*separated, the petroleum-ether 
la\ or re-extracted with water once or twice and the extracts 
united. The aqueous extract is finally acidified under 
ether, wdiich latter wall then contain fhe resin acids from 
rosin and part «f the gum-resin. 

For the calculation of analytical’ results, the original 
pap^r.must be consulted, as the author makes provision for 
the cases of differently constituted varnishes. In br*ef, 
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■ however,, the gum-resin present is obtained from the un- 
Saponifiable matter (less a deduction for unsapohifiable matter' 
from tl,ie oil present), together with the gum-resin acids, a 
factor being eiliploycd on account of ■undeterminable fraction 
lost as water soluble, etc. Rosin is obtained from the tmsa- 
ponifiable matter andbesin acids, the allocation of these two 
fractions to rosin beinij determined by special considerations 
of composition. . , ' • 

By a seiies of tests on the ])etroleum-ether insoluble 
layer the author differentiates between “ true gum acids,” 
oxidized fatty acids, and oxyabietic acia from rosin. By 
the recognition of a fraction of the rosin occurring as 

^ petroleum-ether insoluble, the author probably accounts 
and corrects for the low figures obtained for rosin in Mcll- 
heney's method {Pivc. Amcr. Soc.for Test. Mat., S, 596). 

The method of analysis is supplemented by a series of , 
physical tests, amongst which it is interesting to note that 
the author differentiates between physical and chemical 
“ weather resistance.” Physical weather resistance is re¬ 
ferred to as the provision of adequate elasticity and bardntess 
unaer the particular conditions of exposure of the product, 
and is thus dependent on ratio of resin to oil, whilst chemical 
weather resistance is determined by the stability of the oil 
component to atmospheric oxidation beyond that limit 
which marks the maximum increase in weight on oxidation 
(see p. 41). For the determination of the latter, the 
author allows “ 20 volume ” hydrogen peroxide to evaporate 
on the dried film of varnish, and notes the relative corrosfons 
effected by this reagent. The paper embodies also standard- ^ 
ized procedures for determining resistance to water (“ chalk¬ 
ing ”), etc., and includes sugge^teb specifications for various 
classes of varnishes. 
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